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For Public Review and Comment 

 

Introduction 
This attachment provides descriptions of the Climate Strategies that have been refined as part 
of the updating of the macroeconomic analysis presented in the March 2006 Climate Action 
Team Report to Governor Schwarzenegger and the Legislature (2006 CAT Report).  These 
strategy descriptions provide a portion of the refined data and methods used to update the 
analysis.   

Across all strategies, a consistent set of methods and assumptions was used for energy prices 
and energy-related greenhouse gas emissions and criteria pollutant emissions.  These methods 
and assumptions are not explained under each strategy, but are presented in the main body of 
the report.  Consequently, the strategy descriptions included in this Attachment report impacts in 
energy units such as GWh of electricity and millions of Btus of natural gas. 

Of particular note is that many of the strategies continue to undergo analysis and refinement.  
Additional analyses are under way or planned to support the development of discrete early 
actions and the scoping plan.  Consequently, the characterization of the strategies will continue 
to evolve and improve. 

The summaries are organized by agency, and are listed in Table 1.  Several strategies were not 
updated as part of this analysis.  The strategies that have not been updated are listed in 
Table 2.  Descriptions of the strategies that were not updated are available in the 2006 CAT 
Report. 
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Table 1:  Climate Strategy  Updates Included in this Attachment 
Air Resources Board 

HFC Reduction Strategies 
Transport Refrigeration Units (on and off road) 
Shore Electrification 
PFC Emission Reduction for Semiconductor Manufacturers 
Heavy-Duty Vehicle Emission Reduction Measures 
Reduced Venting and Leaks in Oil and Gas Systems 

Integrated Waste Management Board 
Landfill Methane Capture 
Zero Waste - High Recycling 

Department of Forestry and Fire Protection 
Conservation Forest Management 
Forest Conservation 
Fuels Management/Biomass 
Urban Forestry 
Afforestation/Reforestation 

Department of Water Resources 
Water Use Efficiency 

Energy Commission 
Building Energy Efficiency Standards in Place 
Appliance Efficiency Standards in Place 
Fuel-Efficient Replacement Tires & Inflation Programs 
Comprehensive Municipal Utility Program 

Business, Transportation and Housing (Caltrans) 
Measures to Improve Transportation Energy Efficiency 
Smart Land Use and Intelligent Transportation 

State Consumer Services Agency 
Green Buildings Initiative 

Public Utilities Commission 
Accelerated RPS to 33% by 2020 
California Solar Initiative 
IOU EE Programs 
IOU Additional EE Programs 
IOU CHP (Self Generation Incentive Program) 
IOU Electricity Sector Carbon Policy, Including SB 1368 
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Table 2:  Climate Strategy Not Updated as Part of This Analysis 
Air Resources Board 

Vehicle Climate Change Standards 
Diesel Anti-Idling 
Other New Light Duty Vehicle Technology Improvements 
Manure Management 
Alternative Fuels:  Biodiesel Blends 
Alternative Fuels:  Ethanol 
Hydrogen Highway 

Integrated Waste Management Board 
Achieve 50% Statewide Recycling Goal 

Energy Commission 
Cement Manufacturing 
Alternative Fuels: Non-Petroleum Fuels 

State Consumer Services Agency 
Transportation Policy Implementation 

Department of Food and Agriculture 
Conservation tillage/cover crops 
Enteric Fermentation 

Descriptions of these strategies are available in the March 2006 
Climate Action Team Report to Governor Schwarzenegger and the 
Legislature. 
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Climate Action Team  

Climate Strategy Update Documentation 

for 

Hydrofluorocarbon (HFC) Emission Reduction Strategies 

ARB Strategy 2-2 

 
The HFC Reduction Strategies presented in the March 2006 Climate Action Team (CAT) 
Report was a collection of five possible measures that ARB staff developed for potential 
reductions of emissions of HFC-134a. The purpose of this document is to provide an 
update of those measures. To the extent feasible, staff has updated the structure of and 
emission reduction and costs estimates of the proposed measures. Included in this 
document are refinements and adjustments that have been developed since the 
completion of the March 2006 report.  

The strategies as originally proposed in the CAT Report and their updates herein are 
command and control approaches. The potential interplay of the measures or some 
aspects of the measures with market-based options is not discussed in this document.  
Those topics will receive treatment in the formal public process as ARB continues and 
expands its stakeholder involvement to inform the development of the climate protection 
plan for the State.  

The central theme in the strategies proposed by ARB staff for mitigating the climate 
impact of HFC use in refrigeration and air conditioning is the desire to improve and 
reduce the direct and indirect emissions from this sector. There is no disagreement that 
HFCs offer high societal value1. We strive to identify and promote the use of superior 
technologies with the best possible lifecycle climate performance and cost for the benefit 
of California’s environment and the global climate. The five measures proposed include, 

 

                                            
1 Global Comparative Analysis of HFC and Alternative Technologies for Refrigeration, Air Conditioning, 
Foam, Solvent, Aerosol Propellant, and Fire Protection Applications.  Final Report to the Alliance for 
Responsible Atmospheric Policy prepared by Arthur D. Little, Inc., Reference 75966, March 21, 2002. 
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HFC Reduction Strategy 2-2-1, Reduction in Emissions of HFC-
134a from Non-Professional Servicing of Motor Vehicle Air 
Conditioning Systems (MVACS) 

HFC Reduction Strategy 2-2-2, Low-GWP Refrigerants in New 
MVACS 

HFC Reduction Strategy 2-2-3, Reducing Direct and Indirect GHG 
Emissions from Stationary Refrigeration and Air Conditioning 
(RAC) Sources 

HFC Reduction Strategy 2-2-4, Refrigerant Leak-Tightness Test 
added to the “Pass” Criteria for the Vehicular Inspection and 
Maintenance (I&M) Smog Check Program  

HFC Reduction Strategy 2-2-5, Enforcement of the Federal Ban 
on Releasing HFCs During Servicing and Dismantling of MVACS 

 
Strategy 

# 
Strategy Short 

Name 
2020 March 2006 CAT Report 

Emission Reduction Estimates, 
MMTCO2E 

2020 Revised 
Estimates, MMTCO2E

2-2-1 Can ban 2.4 1.7 

2-2-2 R134a Phase out 0.5 2.5 

2-2-3 Stationary RAC 4 4.71

2-2-4 I/M Leak check 1.2 0.45 

2-2-5 EOL recovery 0.07 to 0.3 0.07 

 TOTAL 8.4 9.4 
1. The August 2007 macroeconomic analysis uses an emissions factor for avoided electricity that differs 
from the factor used here.  Consequently, the emission reduction associated with avoided electricity 
consumption is lower than the value reported here by 0.7 MMT CO2E. 

Introduction to HFC Reduction Strategies2 
Ozone depleting substances (ODS) and a number of their substitutes are greenhouse gases 
(GHG), which contribute to climate change. Some ODS substitutes, in particular 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs), are potent GHGs that are covered 
under the United Nations Framework Convention on Climate Change (UNFCCC) and its Kyoto 
                                            
2 The Intergovernmental Panel on Climate Change (IPCC) and the Technology and Economic 
Assessment Panel (TEAP) recently developed a balanced scientific, technical, and policy-relevant special 
report on issues related to HFCs and PFCs [IPCC/TEAP Special Report on Safeguarding the Ozone 
Layer and the Global Climate System: Issues Related to Hydrofluorocarbons and Perfluorocarbons, 2005, 
ISBN 92-9169-118-6] that is particularly timely for the HFC Reductions Strategies proposed for California. 
We draw extensively from this report to build the introductory section of the Work Plan for HFC 
reductions. 
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Protocol. The IPCC and TEAP warn that options chosen to protect the ozone layer could 
influence climate change and climate change may also indirectly influence the ozone layer.  
 
Refrigeration and air conditioning (RAC) contribute to the GHG effect through direct fugitive 
emissions of refrigerants and indirect emissions associated with equipment energy usage. In 
California, the ARB adopted in September 2004 limits on GHG emissions from new light-duty 
vehicles for model year 2009 and later (AB 1493, Pavley). The limits apply to CO2-equivalent 
(CO2E) emissions that included HFCs used in MVACSs. The HFC Emission Reduction 
Strategies in this document build on the AB 1493 regulation and were designed in response to 
the California Global Warming Solutions Act of 2006, which calls for controls of the Kyoto 
Protocol GHGs. 
 
High global warming potential (GWP) GHG emissions are expected to increase as HFC usage 
for substitution of ODSs grows in the major application sectors that include RAC, foams, aerosol 
propellants, fire protection, and solvents3. The IPCC and TEAP report that emissions of these 
substances originate from manufacture and any unintended byproduct releases, intentionally 
emissive applications, evaporation and leakage from banks4 contained in equipment and 
products during use, testing and maintenance, and end-of-life practices5. ARB staff is paying 
special attention to all high GWP substances due to the size of their banks. Foam recovery from 
appliances at end-of-life will be addressed in the stationary RAC GHG emission reduction 
strategy (HFC Reduction Strategy 2-2-3), however, foams are used in many more applications 
besides those in the RAC sector, and research is planned for 2008 to develop an inventory of 
foams employed in all sectors in California to estimate the magnitudes of foam banks and 
emissions during production, lifetime, and end-of-life. 
 
Roughly 648 million metric tons CO2 equivalent of ODS (MMTCO2E, 2005) are contained in 
foam banks or “in-use inventory” in California and 12 MMTCO2E of ODSs were emitted from 
foams in California in 20056. Cooperation with USEPA to recover foams at appliance end-of life 
is anticipated, and may lead to significant GHG reductions. Additionally, other high GWP gas 
emissions such as PFCs and sulfur hexafluoride (SF6) need to be investigated in terms of 
potential cost-effective emission reductions. Roughly 3.75 and 5.4 MMTCO2E of SF6 and PFCs, 
respectively, were emitted in California in 20057. In California, high GWP GHGs, namely HFCs, 
PFCs, and SF6, constituted approximately 3.5 % of the CO2E GHG emissions inventory of 
20028.  
 
The set of HFC reduction strategies included in Work Plans 2-2-1 to 2-2-5 and discussed in this 
document apply primarily to uses of HFCs for RAC only. This focus reflects mainly the 
significant anticipated growth in HFC use globally and the lessons learned during the 
                                            
3 Clodic, D., “Inventory of Direct and Indirect GHG Emissions from Stationary Air Conditioning and 
Refrigeration Sources, with Special Emphasis on Retail Food Refrigeration and Unitary Air Conditioning,” 
Research Proposal submitted to the State of California Air Resources Board, Research Division, 
ARMINES, Center for Energy and Processes – Paris, November 3, 2006.  
4 Banks are the total amount of substances contained in existing equipment, chemical stockpiles, foams 
and other products not yet released to the atmosphere.  
5 IPCC/TEAP Special Report on Safeguarding the Ozone Layer and the Global Climate System: Issues 
Related to Hydrofluorocarbons and Perfluorocarbons, 2005, ISBN 92-9169-118-6. 
6 Numbers from USEPA Vintaging Model; distributed to California by 2005 population fraction, 12.8%. 
7 Numbers from USEPA report “U.S. High GWP Emissions 1990-2010”; distributed to California by 2005 
population fraction, 12.8%. 
8 Adapted from California Energy Commission, 2005 and presented in the March 2006 Climate Action 
Team Report.   
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development of the AB 1493 regulation and subsequent debate. HFC refers to a family of 
substances with the most prominent being HFC-134a due to its use in vehicular applications. 
Control of HFCs other than HFC-134a or other high GWP substances used in other sectors is 
recognized to be important given the inventories of banks and emissions as described above. 
These substances may be treated separately in the near future as the California climate 
protection plan evolves and considers additional possible areas for reductions. By design, the 
proposed HFC measures are not independent; rather, they may be interrelated and redundant. 
If one strategy proves to be unfeasible, emission reductions goals may still be met with another 
strategy. 
 
The original scope of the HFC Reduction Strategies has been expanded, especially with respect 
to the stationary RAC sector. The inclusion of ODS refrigerants is expected to significantly 
increase the CO2E emissions reduction potentials originally proposed in Work Plan 2-2-3.   
 
Current emissions of ODSs and their substitutes are largely determined by historic use patterns. 
For chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs), a significant 
contribution (now and in coming decades) comes from their respective banks. There are no 
regulatory obligations to restrict these CFC and HCFC emissions either under the Montreal 
Protocol or the UNFCCC and its Kyoto Protocol; the US does not have a national policy for this 
purpose other than a ban on ODS releases (Section 608 of the 1990 Clean Air Act 
Amendments). The buildup of banks of relatively new applications of HFCs will also significantly 
determine post-2015 emissions in the absence of additional bank management measures. 
 
CFC banks associated with refrigeration, stationary air conditioning (A/C) and mobile air 
conditioning (MAC) equipment are projected to decrease over the period 2002 to 2015, mainly 
due to release to the atmosphere and partly due to end-of-life recovery and destruction. CFC 
banks in foams are projected to decrease much more slowly over the same period, reflecting 
the much slower release of banked blowing agents from foams when compared with similarly 
sized banks of refrigerant in the RAC sector.  
 
Stationary RAC applications together with MAC contribute the bulk of global direct GHG 
emissions in line with the higher emission rates associated with refrigerant banks. The largest 
part of GHG emissions from foams is expected to occur after 2015 because most releases 
occur at end-of-life. 
 
Reductions in direct GHG emissions are available for all sectors discussed in the 
following work plans and can be achieved through (i) improved containment of substances; 
(ii) reduced charge of substances in equipment; (iii) end-of-life recovery and recycling or 
destruction of substances; (iv) increased use of alternative substances with a reduced or 
negligible global warming potential; and (v) not-in-kind technologies. 
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Climate Action Team 
Climate Strategy Update Documentation 

Strategy:  HFC Emission Reduction Strategy 2-2-1, Reduction in 
Emissions of HFC-134a from Non-Professional Servicing of 
Motor Vehicle Air Conditioning Systems 

 
Agency:   ARB 
  CIWMB might have some responsibility since they have 

jurisdiction over can disposal 
 
Lead ARB Staff:   Mr. Winston Potts, P.E. 

Dr. Alberto Ayala, Ph.D. 
Mr. Kevin Cleary 

 
Strategy Description 
The use of small cans of HFC-134a refrigerant, which are available to the non-professional “do-
it-yourselfer” (DIY) at retail, primarily for recharging a leaky MVACS represents a source of 
GHG emissions that is desirable to mitigate. Refrigerant left in the can (known as the “can heel”) 
as well as unintended releases of refrigerant during the recharging practice by the untrained DIY 
can be mitigated by banning of the sale and importation of the small cans and by allowing only 
professional servicing of MVACSs. 
 

Overview 
When a vehicle’s air conditioning system loses cooling effectiveness due to losses of HFC-134a 
refrigerant, the vehicle owner has two choices. The system can be recharged using one or more 
small cans of HFC-134a purchased at retail auto parts stores or serviced by a professional auto 
shop licensed to perform A/C maintenance. For the DIY, one small 12-oz can of HFC-134a 
refrigerant currently sells in California for approximately $10. Nominally, two or three 12oz cans 
are sufficient to fully recharge an empty MVACS of a passenger car. One-time cost savings may 
be realized by the vehicle owner with such DIY recharging relative to having the recharge 
performed a by professional. However, the DIY is unlikely to have the necessary training to 
properly identify and repair the leak(s) in the system as the professional is required to do by 
California law. It is also very likely that DIY recharging of a MVACS increases emissions of 
HFC-134a compared to recharging performed by professionally trained and industry certified 
technicians employed by licensed auto repair facilities. However, ARB staff is not aware of 
actual data supporting the benefit of professional servicing. The DIY practice can result in a 
pervasive leak-recharge-leak cycle of unnecessary harm to the environment. The professional 
auto shop prefers to procure refrigerant in 30 pound reusable cylinders of refrigerant. It is 
acknowledged that these larger cylinders of refrigerant used by professionals also have heels, 
but the potentials for releases are lower than for the small cans. In either case, all can or 
cylinder heels should be contained. 
 
The after-market auto parts and servicing industry reports that about 26 million 12-oz cans of 
HFC-134a refrigerant were sold nationwide in 2003 at auto parts stores for DYI refrigerant 

 August 24, 2007 Page 5 

Attachment B   Page  10



For Public Review and Comment 

 August 24, 2007 Page 6 

recharging. Assuming that the number of cans sold in California is approximately proportional to 
population and in-state motor vehicle registration, this translates to about 4 million cans sold in 
California in the same year. For the purpose of quantifying emission reduction benefits for this 
strategy, we assume the same number of cans sold in the State for subsequent years. 
 
Four possible mechanisms for refrigerant release have been identified through which emissions 
could occur, but their relative importance has not been quantified empirically. The four 
mechanisms are: 
 
1) As stated above, failure on the part of the DIY to repair any repairable leak(s) in the 

MVACS; 
2) emissions due to the release of refrigerant remaining in the MVACS while the DIY recharges 

the system; 
3) emissions resulting from incomplete transfer of the can’s contents to the MVACS while the 

recharge is occurring; and 
4) emissions resulting from the disposal of cans, which are known to contain some amount of 

refrigerant following a recharge (can heel). 
 
Specific information regarding the relative contribution of each of these four mechanisms to DIY 
emissions is just now emerging thanks to the US EPA and industry, who together have taken a 
leadership role in carrying out the needed research to fill data gaps. The Improved Mobile Air 
Conditioning (I-MAC) Cooperative Research Program is a comprehensive program that 
addresses all aspects of the lifetime vehicle HFC-134a-based air conditioning environmental 
performance, including improvements in recovery and recycling of refrigerant during servicing 
and vehicle end-of-life (EOL) disposal9. In this program, an extensive study of the losses from 
one-way refrigerant small containers was recently completed. In addition, the Automotive 
Refrigerant Products Institute (ARPI) has recently conducted an extensive study of the 
environmental impact of the use of small cans by the DIY10. These results are expected to 
inform California’s efforts in an important way. At present, the effectiveness of the sum of the 
emission reduction strategies against individual mechanisms cannot be predicted. However, 
leaky systems and can heels are believed to be dominant. A ban on the use of small cans would 
reduce emissions from all mechanisms.  

Affected Entities 
Entities affected by the proposed measure include the individual who practices DIY recharging 
of MVACSs, a person likely of low income; the manufacturers of HFC-134a; the companies that 
package, distribute, or market the small cans of HFC-134a; and potentially the professional auto 
shops that service MVACSs. ARB staff intends to sponsor research in the near future to build on 
the findings of the US EPA study of can heels and to develop an emissions inventory of the non-
professional servicing sector for the purpose of informing the refinement of this strategy. In 
addition, the industry study of the environmental impact of small can usage in California will also 
inform this strategy in an important manner.  

                                            
9 Sciance, F., “Society of Automotive Engineers Improved Mobile Air Conditioning Cooperative Research 
Program,” SAE 7th Alternate Refrigerant Systems Symposium, Scottsdale, AZ, June, 2006. 
 
10 U.S. Consumer Buying Behaviors of R-134a Refrigerant for Light Vehicle Applications, Draft Report by 
Frost & Sullivan for the Automotive Refrigeration Products Institute, September 2006. 

Attachment B   Page  11



For Public Review and Comment 

Related Objectives 
The strategy is motivated solely by its ability to achieve reductions in GHG emissions in a 
seemingly effective manner with straightforward implementation and enforceability. 

Strategy Metrics 
As stated above, it is estimated that there are about 4 million 12-oz small cans of HFC-134a 
sold to DIYs annually in California, representing approximately 3 million pounds of HFC-134a. 
This amount represents an equal amount of refrigerant that has already leaked out of in-use 
MVACSs and that is expected to be eventually re-released into the environment since leaks in 
the MVACSs are likely to remain unchecked. A ban on the retail sale of small cans has the 
potential to avoid all of these emissions. However, this strategy is subordinate to the strategy 
calling for the phase out of HFC-134a refrigerant for MVACS. If successful, the introduction of 
low-GWP alternative refrigerants may negate some of the benefit of the proposed small can 
ban.  

 

The number of the small cans available for retail sale in the California market is the primary 
metric for describing this strategy with the decreasing availability of the cans being a measure of 
progress. A secondary metric is the amount of activity in the professional servicing of MVACSs 
with increasing demand being a measure of progress. A ban on the import of the cans into the 
State is needed to prevent leakage of units purchased outside of California. In addition, it is 
probable that a can ban can be implemented effectively and shortly after adoption by the Board.  
The sale of existing inventories should be allowed if the resulting delay in the full implementation 
of the measure is not expected to impart a significant negative impact.  

 

Strategy Goals and Implementation Approaches 
This strategy is designed to reduce the direct emissions of HFC-134a refrigerant resulting from 
the DIY recharging of MVACSs commonly performed by non-professionals by restricting the 
sale and controlling the use of small cans of HFC-134a that are now available at retail. The 
most obvious rule would be a ban on the retail sale of these small cans similar to the rule 
adopted by the State of Wisconsin to ban the sale of the same small refrigerant cans. In an 
alternative to a complete ban, a partial ban might limit the sale of small cans of HFC-134a only 
to professional and registered technicians who service MVACS at auto repair shops. However, 
the effectiveness of such a rule is unknown as professional service technicians typically, as 
stated previously, procure refrigerant in larger, 30 pound cylinders rather than the small cans. 
Eventually, mitigation of cylinder heels used by the professional may also be desirable. 
However, the complexity of such a measure exceeds that which is expected for the proposed 
small can ban. 

 

In lieu of a rule banning the sale of small cans, it might be possible to enter into a MOU with 
small can industry groups to ensure that they are responsible for the final disposal of their 
product to eliminate the “can heel” mechanism of refrigerant loss to the atmosphere. For this 
approach, a deposit and return program may encourage compliance. However, this regulatory 
concept should depend on the significance of the “can heels” relative to the emissions occurring 
during the other mechanisms identified for potential MVACS refrigerant release and the 
successful implementation of other interrelated strategies. 
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Major refrigerant manufacturers have announced their efforts to develop new low-GWP drop-in 
alternative refrigerants for MVACS application. Thus, these alternatives may eventually also be 
a possibility for retail sale applications, but future development and progress of such refrigerants 
are still uncertain at this time. If low-GWP refrigerants become available, a MOU with can 
manufacturers may be implemented so that low-GWP refrigerants are sold to retail stores and 
professional A/C shops as soon as possible and in place of HFC-134a. It is also possible that a 
monetary incentive program could be developed to achieve the desired emission reductions by 
encouraging DIYs to take their vehicles to professional A/C shops for service. 

 

The ARB plans to sponsor research to better understand the relative magnitude of the 
emissions from the four mechanisms identified for possible refrigerant release and the most 
effective and feasible way to reduce those emissions. Emissions occurring during system 
recharging, the amount of residual HFC-134a left in can heel, and estimation of end-of-life 
emissions from can heels will be addressed in the research project. This work will build upon the 
success of the US EPA study on heels and of the subsequent Industry study of the same issue. 
It is possible that results may demonstrate that alternative means for refrigerant emission 
reductions such as improved labeling and consumer education campaigns may be preferable to 
a can ban. Educating the DIY on the proper way of recharging the MVACS beyond the 
instructions on the cans and packages of DIY charging equipment and disposing of the cans in 
such a manner such that the refrigerant remaining in the can after the completion of the 
recharge is not emitted to the atmosphere have been proposed by industry as a potential 
improvement over current practices. However, data to quantify the emission reduction benefit of 
these improvements does not exist. This approach would likely only be feasible if it is concluded 
that air conditioners in the cars of DIYs require little repair of the system that only professionals 
could perform. Therefore, this strategy, as proposed, bans the retail sale of small cans in an 
effort to reduce emissions from DIY practices as soon as possible with most of the emission 
reduction benefits being proportional to the aggressiveness of the implementation schedule of 
the ban.  

 

Technology 
The measure as proposed would not require any new technology or the purchase of any capital 
equipment. 

Legislative Requirements 
No additional legislative authority would be needed to implement this measure beyond that 
which is established by AB 32.  

Implementation Steps and Timeline 
The following steps and timelines are based on the assumption that a regulation banning the 
sale of small cans of refrigerants begins based on the best currently available information such 
as the US EPA’s results from their study of can heels or the complementary industry study of 
small cans environmental impacts and costs and before completion of the ARB-sponsored 
research program to investigate the principal mechanisms of refrigerant emissions associated 
with the DYI A/C system recharge practice is completed. 
 
Projected Start Date         Jan07 
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Education of staff on relevant technical topics     2007 
 
Stakeholder workgroup (regulatory concepts)     Jan07 – Apr07 

Interaction with industry groups begins and continues for the life of the strategy 
development process. 

 
Extramural Research Project  

Submit proposal for extramural research to RSC    Feb07 
  Research project supports strategy development. 
 

Begin research project       Aug07 
 

Conclude research project        Aug08 
Receive draft final data from research contractor(s)   Aug08 
Draft final report reviewed and approved by RSC   Oct08 

 
Begin technical and economic/fiscal impact analyses     Apr08 
 
Staff Report for review to Branch Chief      Jul08 
 
Staff Report for review to Division Chief      Jul08 
 
Economic/fiscal impact (Form 399) including appropriate   
attachments and Cal/EPA summary due to legal     Aug08 
 
Economic/fiscal impact (Form 399) including appropriate   
attachments and Cal/EPA summary due to DOF     Aug08 
 
Staff report to EO for review        Sep08 
 
Public workshop (proposed regulatory language)     Nov08 
(preceded by stakeholder discussions)   
 
Final notice package (notice, staff report (ISOR) with   
references, approved/signed 399) for review, approval  
and signature by EO to legal        Jan09 
 
Notice package to OAL for publication       Jan09 
 
ISOR and notice to reproduction for mailing      Feb09 
 
ISOR and notice public availability       Feb09 
 
Board hearing          Mar09 
 
Projected Completion Date        Mar09 
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Greenhouse Gas Emission Reductions 
Avoidance of the use of small cans would eliminate can heel emissions. Industry has provided 
estimates for nationwide sale of cans of approximately 26,000,000 units11. Of these, 15% or 
3,900,000 cans are assumed to be sold for use in California. The US EPA found a nominal 12oz 
can residual amount of approximately 150 grams of refrigerant12. This yields an estimated 0.76 
MMTCO2E emissions of refrigerant per year due to can heels.   
 
The ban would also end excess leakage from the non-professional DIY leak-recharge-leak 
cycle; assuming that the DIY will not fix a leaky MVACS for the same reason he or she is not 
servicing the system at a professional A/C shop and that professional repairs of leaks are fully 
effective and implemented universally. The estimated benefit is assumed to be the avoidance of 
emissions equivalent to the rest of the refrigerant in the can or approximately 0.94 MMTCO2E.  
 
The sum of the benefit from eliminating can heels and excess leakage emissions due to DIY is 
approximately 1.7 MMTCO2E in 2012; an estimate that we believe is more accurate, but lower 
than the potential emission reduction published in the March 2006 Climate Action Team Report 
of 2.4 MMTCO2E in 2002. We expect the currently on-going and planned research to provide 
additional relevant information for further refinement of this benefit. Assuming that the regulation 
is fully implemented by 2012, these emissions reductions would be achievable then. 
 

Year 2010 2012 2020 

MMTCO2E emissions 
reduced 

0 1.7 0 

Costs and Cost Savings 
The cost of a small can of refrigerant is approximately $10 per can. As mentioned above, there 
are about 4 million small cans sold in California per year. Thus, a complete ban on the sale of 
small cans would result in the elimination of about $40 million dollars per year of small can 
sales. The true cost may be much less if one considers only the actual profit margin per can, 
rather than the total cost of the can at retail. A partial ban will cost the can manufacturers, and 
the packagers and distributors of the small cans of refrigerant approximately half this amount, 
according to rough estimates provided by industry.   
 
The professional auto A/C servicing industry would benefit significantly from the increase in 
demand of its services and at the expense of the DIY, who would see her A/C service costs 
climb from a cost per can of HFC-134a of approximately $10 to the cost of professional A/C 
servicing of more than $100. Industry has recently determined a windfall profit to the 
professional mechanic, who in 2006 on average charges $147 for recharge service, on the 
order of more than $166 million13. 
 
An alternative strategy could involve a deposit and return program, in which retailers charge a 
set amount to be determined per can to keep records, collect deposits, return deposits, and 
return the cans. The manufacturers will have to pay a set amount to be determined per can for 
return shipping. 
                                            
11 Personal communication. Rick Raborn, Sexton Can Company.  
12 Atkinson, W., “Emissions from Refrigerant Containers, EPA Study,” SAE 7th Alternate Refrigerant 
Systems Symposium, Scottsdale, AZ, June, 2006. 
13 “Reducing Global Warming Emissions…while still enabling motorists to work on their car’s air 
conditioner.” Working presentation to CARB and EPA by ARPI, Dec. 13, 2006, Sacramento, CA. 
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Finally, in the event that new low-GWP refrigerant alternatives are introduced, incremental cost 
to industry involved with packaging the new material in the small cans is expected to be small, 
but cannot be determined without knowledge of the physical and chemical properties of the new 
refrigerant gas (packing and delivery system might have to be redesigned). Incremental costs 
will need to be researched. 

Other Benefits 
At this time, no other benefits of this strategy have been identified. 

Summary Table 
See below. 

References 
See footnotes 
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Detailed Strategy Goals Table 
Strategy:  Reduction in Emissions of HFC-134a from Non-Professional Servicing of Motor 
Vehicle Air Conditioning Systems (MVACS) 
Agency:  Air Resources Board.  The CIWMB might have some responsibility since they have 
jurisdiction over small can disposal.  
Affected Entities:  Refrigerant manufacturers; manufacturers and distributors of cans of HFC-
134a for retail sale; the DIY; the A/C servicing professional 
 

Year Strategy Metric 
2005 4 million cans 
2006 4 million cans 
2007 4 million cans 
2008 4 million cans 
2009 4 million cans 
2010 4 million cans 
2011 4 million cans 
2012 4 million cans 
2013 0 
2014 0 
2015 0 
2016 0 
2017 0 
2018 0 
2019 0 
2020 0 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:  Reduction in Emissions of HFC-134a from Non-Professional Servicing of Motor 
Vehicle Air Conditioning Systems (MVACS). 
Agency:  Air Resources Board.  The CIWMB might have some responsibility since they have 
jurisdiction over can disposal.  
Affected Entities:  Refrigerant manufacturers; manufacturers and distributors of cans of HFC-
134a for retail sale; the DIY; the A/C servicing professional 
 

Year 

Emission 
Reduction 

(MMT CO2e) 
2005  
2006  
2007  
2008  
2009  
2010  
2011  
2012 1.7 
2013 0 
2014 0 
2015 0 
2016 0 
2017 0 
2018 0 
2019 0 
2020 0 
Full 

Implementation 
Year 

1.7 
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Detailed Cost Table 
Strategy:  Reduction in Emissions of HFC-134a from Non-Professional Servicing of Motor 
Vehicle Air Conditioning Systems (MVACS). 
Agency:   Air Resources Board.  The CIWMB might have some responsibility since they have 
jurisdiction over can disposal. 
Affected Entities:  Refrigerant manufacturers; manufacturers and distributors of cans of HFC-
134a for retail sale; the DIY; the A/C servicing professional 
 

Year 
Operating Costs 

(2006 dollars) 
2005  
2006  
2007  
2008  
2009  
2010  
2011  
2012 $40,000,000 
2013 0 
2014 0 
2015 0 
2016 0 
2017 0 
2018 0 
2019 0 
2020 0 
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Strategy Update Summary Table 
Strategy:   Reduction in Emissions of HFC-134a from Non-Professional Servicing of Motor 
Vehicle Air Conditioning Systems (MVACS). 
Agency:   Air Resources Board.  The CIWMB might have some responsibility since they have 
jurisdiction over can disposal. 
Affected Entities:  Refrigerant manufacturers; manufacturers and distributors of cans of HFC-
134a for retail sale; the DIY; the A/C servicing professional 
 

Data Elements 2010 2012 
Full Implementation 
Year (if after 2020) 

Strategy Metric Goals (report for 
each metric) 

 4 million small cans  

Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not 
associated with fossil energy 
combustion) 

 1.7  

Fossil Energy Impacts (in energy 
units) 

   

Change in electricity consumption 
(GWh) [by season and time of 
day if possible] 

   

Substitution of non-fossil 
electricity production (GWh) [by 
season and time of day if 
possible] 

   

Change in transportation fossil 
fuel consumption (by fuel type) 

   

Change in stationary fossil fuel 
consumption (by fuel type) 

   

Cost and Cost Savings 
Capital costs and lifetime    
Annual operating costs and savings  $40,000,000  
Electricity & fuel consumption 
impacts (in energy units) 

   

Other Benefits 
List other benefits that can be 
quantified 

   

Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or 
other factors.  If necessary report ranges and a best estimate.  If ranges are not available, report the 
approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
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Climate Action Team 
Climate Strategy Update Documentation 

Strategy:  HFC Reduction Strategy 2-2-2, Low-GWP Refrigerants in New 
Mobile Air Conditioning Systems  

 
Agency:   ARB 

BAR will have a role since they have responsibility over repair 
shop equipment and technician licensing 

 
Lead ARB Staff:   Dr. Tao Huai, Ph.D. 

Dr. Alberto Ayala, Ph.D.  
Mr. Steve Church, P.E. 

 
Strategy Description 
This strategy phases out the use of HFC-134a in all mobile air conditioning systems (MACSs) in 
vehicles certified for sale in California (heavy- and light-duty on- and off-road) with the intent to 
reduce direct and indirect emission impacts and promote only the use of alternative refrigerants 
with superior lifecycle climate performance. 
 

Overview 
Almost all new vehicles sold today in California come equipped with an air conditioning system 
and all those so equipped utilize HFC-134a refrigerant (GWP=1300), which universally replaced 
CFC-12 under Montreal Protocol agreement. New HFC refrigerants with GWP values less than 
or equal to approximately 12014, such as those currently under development by Honeywell and 
DuPont, and existing alternative refrigerants such as HFC-152a or CO2, are possible substitutes 
for HFC-134a in new vehicles15. Commercial availability to the vehicle manufacturer of A/C 
systems using one or more of these substances would enable limiting the GWP of refrigerants 
in new vehicles, therefore mitigating the global warming impact due to refrigerant releases from 
the use of mobile air conditioning systems. This measure proposes to phase out the use of 
HFC-134a in all MACSs in California in favor of alternative refrigerants with a GWP no greater 
than that of the current, most technically feasible HFC alternative refrigerant, which at the 
moment is HFC-152a. This measure is in line with a similar regulation calling for the phase out 
of HFC-134a beginning with new types of vehicles in 2011 adopted recently by the European 
Union16. The F-gas regulation as it is known in Europe referring to fluorinated GHGs and other 

                                            
14 The GWP limit is intended to be that of HFC-152a, for which the IPCC 3rd Assessment Report 
suggested a 100-year forcing of 120. The more recent IPCC/TEAP Special Report on HFCs and PFCs 
uggests a direct forcing of 122.   s

 
15 They cannot be used in the air conditioners in existing vehicles. 
 
16 Schulte-Braucks, R., “Implementation of the R134a Phase Out,” 2006 Mobile Air Conditioning Summit, 
Saalfelden, Austria, Feb. 17, 2006. 
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domestic initiatives such as the US EPA’s I-MAC Program17 have generated significant debate 
and progress regarding alternative refrigerants and the options with the best lifecycle climate 
performance. MACS research, development, and demonstration work taking place worldwide 
will benefit the technical progression of the California fleet onto an environmentally friendlier 
refrigerant alternative. 

Direct and indirect emissions from air conditioning systems for California on-road light-duty 
vehicles (LDVs) are already treated by the regulations resulting from AB 1493 through the 2016 
new model year. Accordingly, manufacturers can use low-GWP alternative refrigerants as one 
tool for complying with our new limit on GHG emissions for the entire vehicle or for generating 
early compliance emission credits. Air conditioning systems in all other on-road classes and all 
off-road vehicles are presently unregulated by California. This measure coves those classes of 
vehicles not included in the AB 1493 regulation. 

It is recognized that alternative refrigerants for use in MACS are presently at various stages of 
development and dates when such refrigerants and systems may become fully mature and 
ready for wide commercially application in California are presently uncertain. However, the work 
conducted worldwide in response to the European F-gas Directive, the domestic initiatives of 
industry and the US EPA, and the efforts directed to support of AB 1493 have demonstrated 
clear development trends and rates of progress for alternative technology development that 
would support a phase out of HFC-134a in California as proposed. It is acknowledged that the I-
MAC Program is making inroads for achieving its goals of 50% leakage reduction and 30% 
improvement in system efficient. However, the potential environmental impact of unintended or 
unchecked release of refrigerant would remain unchanged with the continued reliance on HFC-
134a. For this reason, ARB staff has designed HFC Reduction Strategy 2-2-5. In it, we intend to 
address mitigation of some of these releases, particularly those associated with vehicle end-of-
life. In addition, in the March 2006 CAT Report, we called for a closed, Australian style cradle-
to-grave system for minimizing the potential posed by the mechanism of emissions. 

Vehicle thermal load reduction has been thus far primarily an ancillary research approach for 
improvement of MACS performance. However, extensive use of production-ready and currently 
available technologies with known benefits such as power ventilation, solar reflective glazing 
and paints, lightweight insulation, shades, and ventilated seats should be encouraged strongly 
in the AB 32-complaint vehicle of the future, irrespective of the type of refrigerant in use. 
Reduction in thermal load of 30% is a goal of the I-MAC Program with significant progress being 
led by the National Renewable Energy Laboratory18. Recognition of load reduction benefits was 
also previously acknowledged by the ARB in its AB 1493 regulation. To the extent possible and 
permissible, ARB staff expects to explore and exploit the potential benefits offered by existing 
climate control technologies in the context of this proposed strategy. 

The earliest year of implementation for this new low-GWP MACS refrigerant requirement in 
LDVs is for the 2017 new model year since prior year models are subject to AB 1493. The 
earliest year of implementation for all other vehicle applications not subject to AB 1493 is 
estimated to be approximately 2013, based on the time required to develop and implement a 
new regulation and to allow vehicle manufacturers sufficient transition time. This proposed 

                                            
17 The I-MAC Program is a consortium of government, industry, academia, and other stakeholders led by 
the US EPA with the objective to develope superior and improved HFC-134a mobile air conditioning 
technology with 50% lower leakage and 30% greater efficiency than current production-ready systems. 
The program is fully reference in the previous Strategy 2-2-1. 
18 Rugh, J., “Assessing the Vehicle Level and National A/C Fuel Use Impact of Advanced Climate Control 
Technologies,” International Energy Agency Workshop – Cooling Cars with Less Fuel, Paris, France, Oct. 
23, 2006. 
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implementation year is different from and later than the 2010 year originally proposed in the 
March 2006 Climate Action Team Report. The proposed change simply reflects a presently 
realistic regulatory development schedule for ARB staff in the context of other demands 
imposed by AB 32. 

Affected Entities 
The primary entities to be directly affected by this measure are new vehicle owners and 
operators, vehicle manufacturers, MACS repair facilities, MACS and component manufacturers, 
and air conditioning refrigerant manufacturers. The MACS industry as a whole reports that the 
costs it incurred from the switch from CFC-12 to HFC-134a was in the billions of dollars.  

Estimates of the cumulative number of California vehicles potentially affected by a low-GWP 
limit are presented in the following table, by category and calendar year. As stated previously, 
we assume 2017 as the model year of implementation for LDVs, immediately after AB 1493 
requirements are fully phased in, and 2013 for all other vehicles not subject to AB 1493.  
Assuming a first order approximation of one owner per vehicle, these estimates also represent 
an upper bound on the number of vehicle owners that can be affected by the proposed 
measure. Every vehicle manufacturer that sells in California would be affected, with timing and 
extent depending in large part on product line details. 

Calendar Year 2020 
Total LDVs 7,041,941 
Total on-road 
non-LDVs 

1,888,276 

Total assumed 
Off-Road 
Vehicles with air 
conditioning 

11,317 

 

The total number of A/C repair businesses potentially affected by the proposed measure may 
range in the thousands. The Bureau of Automotive Repair (BAR) has statutory oversight of A/C 
professionals in California. It has approved approximately 300 repair shops for automotive air 
conditioning repairs. In addition, there are repair shops that are licensed under the general 
category for consumer repairs and fleet-owned repair facilities. Most of the specialized 
equipment used in mobile air conditioning repair work, such as evacuation and recharge 
machines and refrigerant sniffers, is specific to a particular refrigerant. Therefore, the 
introduction of a new alternative refrigerant(s) would require procurement of additional 
equipment at a cost of possibly several thousand of dollars per shop. 

There are at least two major manufacturers of refrigerant in the U.S., DuPont and Honeywell, 
though they have no manufacturing in California. Each HFC refrigerant requires its own 
manufacturing processes and facilities, thus the capital cost outlay for the introduction of 
alternatives is potentially high. However, new market opportunities driven by regulatory 
developments abroad have already signaled to the industry that there exists a positive business 
case for the development of low-GWP alternatives, hence the recent announcements by 
DuPont, Honeywell, and INEOS of new low-GWP HFC products. The same can be said for CO2, 
which is enjoying much of its development in Europe, although its environmental attractiveness 
was clearly acknowledged in ARB’s AB 1493 regulation. We expect the CO2-based MACSs to 
play an increasingly relevant role in the California fleet.  
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Related Objectives 
This strategy is motivated primarily by its greenhouse gas emissions reduction potential. 
Transportation is the largest source of GHG emissions in California. The proposed measure 
helps in defining feasible mitigation options for this sector. The principal benefit of this measure 
is the reduction of some of the global warming impact of refrigerant releases (direct emissions) 
and usage (indirect emissions) in mobile air conditioning systems. We will promote and pursue 
alternative refrigerants with superior lifecycle climate change performance relative to current 
refrigerants. For example, HFC-152a can provide improved cooling with lower energy input 
relative to HFC-134a, though the extent of the efficient benefit varies with system design details. 
In the case of CO2 used as a refrigerant, its clear advantage is the significant reduction of direct 
emission impacts during vehicle use and at the end of vehicle life. The indirect emission benefit 
for the CO2-based system is subject of much current technical debate. It appears to be a 
function of ambient conditions during use. In general, by improving MACS efficiency, the use of 
HFC-134a or an alternative refrigerant may include not only reduced tailpipe emissions of CO2, 
but of other vehicular pollutants such as NOX, hydrocarbons and particulate matter. With these 
efforts, we also hope to continue to promote improvements in the other areas of the sector with 
potentially significant environmental benefit, namely MACS servicing and vehicle thermal load 
reduction. 

Strategy Metrics 
The principle metric for this measure is the reduction in the CO2E emissions from vehicles 
subject to the measure. The ARB defined possible methodologies under AB 1493 for quantifying 
CO2-equivalent emissions from on-road vehicles. The approaches were primarily augmentations 
of the existing emission certification protocols. These lessons will be the foundation for 
extrapolations to other categories of vehicles. The reduction in the direct emissions impact is 
expected primarily from improvements in leak rates, which is already a MACS technology trend, 
and from the lower GWP of the replacement refrigerant relative to HFC-134a. Assuming no 
improvements in refrigerant containment for simplicity, the benefit can be estimated based on 
the GWP of the current and replacement refrigerants, the current leak rates for the various 
vehicle categories, and the numbers of affected vehicles in each category. Conservatively, this 
measure will result in an incremental reduction of CO2-equivalent emissions of at least 90% 
based on a GWP ratio of 1300 to 120. 

Strategy Goals and Implementation Approaches 
The basic implementation strategy recommended for this measure is a regulatory requirement 
by ARB that all new mobile air conditioning system applications for on-road LDVs sold in 
California and subject to AB 1493 only use refrigerants with a GWP of 120 or less beginning 
with the 2017 model year. All other new vehicle applications not subject to AB 1493 are required 
to comply with a similar requirement beginning with approximately the 2013 model year. The 
proposed refrigerant GWP limit of 120 is intended to be the climate forcing of HFC-152a, 
currently the most recognized HFC alternative. Other emerging HFC alternative refrigerants and 
CO2 have GWPs lower than 120 and are desirable options for California since they represent 
concurrently greater CO2-equivalent emission reduction potentials. Accordingly, the estimates 
based on the wide use of HFC-152a presented herein are conservative and represent a lower 
bound on the possible achievable reductions. 

Technology 
The proposed strategy is based on the concept of the phase out of HFC-134a for MACS 
applications in new California vehicles. However, the overarching goal of the staff’s proposal is 
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the promotion of alternative refrigerants with the best lifecycle climate performance. Thus, 
significant reductions of direct and indirect emissions accompanied by ancillary improvements 
based on improved servicing and thermal load reductions are desirable.  

As noted previously, the most likely candidates to emerge as viable near-term alternative 
refrigerants are HFC-152a and CO2. Other low-GWP HFC alternatives recently announced by 
major chemical manufacturers are currently undergoing technical and environmental 
assessment. Their viability is being pursued with the intent to compete in the European post-
HFC-134a vehicle market. California stands to benefit from those developments. The switch 
away from HFC-134a will likely need to be enabled by additional safety considerations. The 
principal concern with HFC-152a is its slight flammability. The US EPA has recently ruled 
favorably under its Significant New Alternatives Policy (SNAP)19 Program and does require that 
risk mitigation steps be taken for its use. Such steps could include active detection and 
ventilation systems in the vehicle. HFC-152a does provide the advantages of a slight 
performance improvement in many systems, with a corresponding decrease in engine CO2 
emissions. This alternative refrigerant also would require relatively minimal changes to existing 
system design and construction compared to CO2. 

Use of CO2 as a refrigerant has also recently received favorable review by corresponding 
authorities in the US, including obtaining SNAP approval by the US EPA similar to HFC-152a. 
CO2 as a refrigerant presents unique challenges due to its requirements for higher operating 
pressures than current HFC-134a systems. Adverse impacts on system performance when 
operating under certain hot ambient conditions are well documented. These issues essentially 
require that CO2-based systems be of significantly different design from current HFC-based 
systems, but technological solutions appear evident. ARB staff is a stakeholder in the current 
global efforts aimed at understanding and promoting the potential climate protection benefits 
offered by a natural refrigerant such as CO2. Progress is anticipated to be on track to satisfy the 
new demand emerging first in the European car market due to their new directive. In the US, 
SNAP approval will also require mitigation steps for the CO2 refrigerant to address issues of 
potential toxicity at elevated in-cabin concentrations resulting from accidental releases. 
However, technological solutions for these issues are also rapidly emerging. As discussed 
previously, other possible low-GWP HFC alternative refrigerants have been announced. But 
these new HFC alternatives have not yet been completely evaluated for performance, toxicity 
and materials compatibility, and could also require significant changes to system design. 
Industry is actively pursuing development and introduction to market.  

Statutory Status 
No additional legislative authority would be needed to implement this measure beyond that 
which is established by AB 32. The preferred approach for implementation of this measure 
would be an agreement with the vehicle and equipment manufacturers for quick and wide 
deployment of environmentally superior and currently available MACS technology. An 
agreement based on fair negotiation and enlightened self-interest would benefit the California 
environment and economy. However, it is anticipated that the regulatory process is a more likely 
approach. 

                                            
19 The US EPA’s Significant New Alternatives Policy (SNAP) Program regulates ODS substitutes under 
the stratospheric ozone protection provisions of the federal Clean Air Act. 
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Implementation Steps and Timeline 
It is recognized that vehicle manufacturers need several years to implement major changes, 
which would include air conditioning system refrigerant changes, to their product lines. 
 
Stakeholder workgroup (regulatory concepts)     Apr07 – Apr08 

(Interaction with industry groups begins and is 
ongoing for the life of strategy development 
process.) 

Submit proposal for extramural research to RSC     May07 

Extramural research project to 
determine refrigerant leakage rates and 
inventories for vehicles not subject to 
AB 1493 

Begin inventory research project       Oct07 

Receive first draft final report from contractors     May09 

Draft final report approved by RSC       Jul09 

Begin technical and economic/fiscal impact analyses     Apr09 

Staff Report for Review to Branch Chief      Jul09 

Staff Report for Review to Division Chief      Jul09 

Public workshop (proposed regulatory language)     Jul09 

(preceded by stakeholder discussions) 

Economic/fiscal impact (Form 399) including appropriate     Aug09 

attachments and Cal/EPA summary due to legal 

Staff report to EO for review        Sep09 

Final notice package (notice, staff report (ISOR) with    Oct09 

references, approved/signed 399) for review, 
approval and signature by EO to legal 

Notice package to OAL for publication       Dec09 

ISOR and notice to reproduction for mailing      Dec09 

ISOR and notice public availability       Jan2010 

Board hearing, regulation approval       Mar2010 

Regulation effective date for non-LDVs      Jun2013 

Regulations effective date for LDVs       Jun2017 
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Detailed Strategy Goals Table 

Strategy:  HFC Reduction Strategy 2-2-2, Low-GWP Refrigerants in New Vehicle Mobile Air 
Conditioning Systems (MACS) 
Agency:   ARB 
Affected Entities:  New vehicle owners and operators, vehicle manufacturers, mobile air 
conditioning system repair facilities, mobile air conditioning system and component 
manufacturers, and air conditioning refrigerant manufacturers 
Implementation Approach: Regulations to require the use of mobile air conditioning 
refrigerants with GWP of 12020 or less. 

CO2-equivalent emission reductions 
Year On-road LDVs 

(million metric 
tons) 

On-road non-LDVs 
(million metric 

tons) 

Off-road vehicles 
(million metric 

tons) 

Total, all affected 
vehicles (million 

metric tons) 
2010 0.0 0.0 0.0 0.0 

2011 0.0 0.0 0.0 0.0 

2012 0.0 0.0 0.0 0.0 

2013 0.0 0.2 2.E-03 0.2 

2014 0.0 0.5 3.E-03 0.5 

2015 0.0 0.7 4.E-03 0.7 

2016 0.0 0.9 6.E-03 0.9 

2017 0.2 1.1 7.E-03 1.3 

2018 0.3 1.3 8.E-03 1.6 

2019 0.5 1.6 9.E-03 2.1 

2020 0.7 1.8 1.E-02 2.5 

Note- For simplicity, this table presents staff’s estimates for CO2E emission reductions based 
solely on the lower GWP of the preferred alternative refrigerant. Thus, at this point, there is no 
assumed reduction in actual refrigerant direct or indirect emissions with this measure. These 
estimates are conservative as further improvements in refrigerant containment and system 
performance should also be expected in new systems. 
 
These estimates were calculated as follows:  

• On-road LDVs includes passenger cars and light-duty trucks in weight classes 1 and 2. 

• On-road non-LDVs include medium-duty trucks, light heavy-duty trucks in weight classes 
1 and 2, medium heavy-duty trucks, heavy heavy-duty trucks, over-the-road buses, 
urban transit buses, and motorhomes. 

• Off-road vehicles include agricultural tractors, combines, and tillers; airport ground 
support equipment such as catering trucks, fuel trucks, and service trucks; construction 
and mining equipment such as bore/drill rigs, cranes, crawler tractors, off-highway 
tractors, off-highway trucks; other construction equipment, including rubber tired dozers, 
rubber tired loaders, tractors/loaders/backhoes; dredging cranes; industrial forklifts; oil 

                                            
20 This GWP is intended to be the 100-year forcing assigned to HFC-152a.  
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drilling equipment like mobile drill rigs; and mobile workover rigs. Off-road equipment 
included in the estimate was all units over 175 horsepower, and was chosen for the 
likelihood of having enclosed operator cabins. A significant inventory effort based 
possibly on a survey would be needed to determine precisely how many of each type of 
equipment actually have air conditioning installed and what the usage patterns for that 
system are in the typical applications of the equipment. For the purpose of these 
calculations, we assume that the fraction is 50%. 

• On-road vehicle populations by model year for each calendar year of interest were 
generated using ARB’s EMFAC Inventory Model for on-road vehicles. It is assumed that 
all on-road vehicles are equipped with air conditioning. 

• Off-road vehicle population numbers were based on the ARB’s OFFROAD Inventory 
Model for equipment over 175hp and equipped with a driver cabin that could be air-
conditioned. It is assumed that half of these off-road vehicles are actually equipped with 
air conditioning. As with other types of vehicles, ARB staff lack information on A/C 
system activity or usage patterns. 

• For LDVs, the per vehicle lifetime refrigerant emissions of 80 grams of HFC-134a per 
year was used for the calculations. This emission factor was developed for the AB 1493 
regulation21. Of the 80 grams/year, refrigerant leakage represents approximately 70% of 
that number and the rest is due to accidental breach of refrigerant containment and end-
of-life release. For a stand-alone strategy, the lifetime emission factor is appropriate and 
conservative. 

• Since current regulations allow manufacturers to modify LDV air conditioning systems to 
meet their regulatory GHG emission requirements, but do not require them to do so, it is 
assumed that the baseline vehicle for the calculations continues to be one using HFC-
134a. 

• The baseline refrigerant for non-LDVs, on- and off-road, is HFC-134a. 

• The alternative refrigerant is assumed to have a GWP of 120 and is intended to 
represent HFC-152a. If a refrigerant with lower GWP than HFC-152a is used, the CO2E 
emission reduction benefit will exceed the CO2E calculations presented here. 

• For on-road HDVs and off-road vehicles, little work has been done for determining air 
conditioning system leakage rates. ARB staff is only aware of the work by W. Schwarz of 
Oko-Recherche for the European Commission22. In this work, investigators determined 
an annual leakage rate of approximately 800 grams per year for a nominal, late model 
diesel bus. This emission factor is assumed to be a reasonable first-order value for 
calculating HDV MACS emissions until additional information is available. 

• For each calendar year the total number of vehicles for each category was multiplied by 
the applicable leak rate and then by the difference between the baseline GWP of 1300 
and the assumed GWP of 120.   

 

                                            
21 HFC-134a as an Automotive Refrigerant - Background, Emissions and Effects of Potential Controls, 
August 6, 2004, www.arb.ca.gov/cc/cc.htm. 
 
22 Winfried Schwarz, “Establishment of Leakage Rates of Mobile Air Conditioners in Heavy Duty Vehicles 
Part One Buses and Coaches”, Presentation at the Expert Meeting for the European Commission – 
Directorate General – Environment, June 14, 2006.   
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Because these estimates, especially for the on-road non-LDVs other than buses and the off-
road vehicles, are based on leakage rates that may be in error by upwards of 50%, the 
uncertainty associated with those estimates is on the order of 50%. 
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Detailed Cost Table 

Strategy:  : HFC Reduction Strategy 2-2-2, Low-GWP Refrigerants in New Vehicle Mobile Air 
Conditioning Systems (MACS) 
Agency:   ARB 
Affected Entities:  vehicle owners and operators, vehicle manufacturers, mobile air 
conditioning system repair facilities, mobile air conditioning system and component 
manufacturers, and air conditioning refrigerant manufacturers 
Implementation Approach:  Requiring the use of low GWP refrigerant, 120 or below in all 
LDVs beginning in 2017, and all non-LDVs, on- and off-road, beginning in 2013. 

Lifetime: Depending on the choice of alternative refrigerants, the air conditioning system life 
should not change from current systems, and should be the same as the life of the individual 
vehicles. 

 

Year 

Cost Estimates 

Capital Costs 
($ millions) 

Operating 
Costs 

Cost 
Savings 

2010 $0 Unknown 0.0 
2011 $0 Unknown 0.0 
2012 $0 Unknown 0.0 
2013 $13 Unknown 0.0 
2014 $14 Unknown 0.0 
2015 $15 Unknown 0.0 
2016 $16 Unknown 0.0 
2017 $130 Unknown 0.0 
2018 $141 Unknown 0.0 
2019 $152 Unknown 0.0 
2020 $163 Unknown 0.0 
Full 

Implementation 
Year 

2017 
 

 

Uncertainty5 +/-10%   
 

These estimates were calculated as follows:  
• An incremental cost per vehicle was multiplied by the total number of new vehicles 

introduced in each year, and assumed to be paid in the purchase year. 

• For the HFC-152a alternative refrigerant, it is not expected that maintenance costs will 
change significantly. 

• The incremental cost of converting an existing HFC-134a system design to use HFC-
152a is assumed. This would be a minimal change in design that would not optimize the 
system for the improved thermodynamic properties of HFC-152a. Selection of some 
other alternative refrigerants, for example CO2, could be significantly costlier. 
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• This incremental cost estimate for LDVs is also applied to the other vehicle categories 
discussed here. 

• The incremental cost is €20 to €25 per LDV in 2003 currency23. This value was also 
applied to the other vehicle categories discussed. 

• The cost was adjusted to later years by use of an annual discount rate of 6% and an 
exchange rate of $1.28 per Euro. 

• Incremental energy consumption estimates are not presented here. The reference  
below cites a potential 10% reduction in energy consumption for the HFC-152a 
alternative for LDVs, but this will almost certainly vary significantly with vehicle category, 
engine type, operating cycle, extent of optimization achieved during system redesign, 
etc. Also, energy consumption for some other alternative refrigerant selections, for 
example CO2-refrigerant systems, can actually show an increase under some operating 
conditions. 

Significant research projects will need to be conducted to enable or improve cost and 
performance estimates of the various alternative technologies. 

Other Benefits 
Insofar as the selected alternative refrigerant technologies reduce energy consumption, the 
affected vehicles will also have reduced emissions of other controlled pollutants, such as NOx, 
HCs, CO, and PM. The opposite also applies; if the selected alternative refrigerants increase 
energy consumption, these pollutants will be emitted at higher rates than previously. Thus, it is 
important to consider lifecycle climate performance for selecting alternatives. 

Summary Table 
See table below 

References 
See footnotes  

                                            
23 “Alternative Refrigerants Assessment Workshop”, Presentation at the SAE 2003 Alternative Refrigerant 
Systems Symposium, Phoenix, Arizona, July 14, 2003. 
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Strategy Update Summary Table 
Strategy:   HFC Reduction Strategy 2-2-2, Low-GWP Refrigerants in New Vehicle Mobile Air Conditioning Systems (MACS) 
Agency:  ARB  
Affected Entities:  Vehicle owners and operators, vehicle manufacturers, mobile air conditioning system repair facilities, mobile air 
conditioning system and component manufacturers, and air conditioning refrigerant manufacturers 
Implementation Approach: Regulations to require the use of mobile air conditioning refrigerants with GWP of 120 or less 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 0.0 2.5 MMT CO2E reduction  
Greenhouse Gas Emissions Impacts 

MMT CO2e (emissions impact not associated with 
fossil energy combustion) 

0.0 2.5 MMT CO2E reduction  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season 
and time of day if possible] 

n/a Unknown  

Substitution of non-fossil electricity production 
(GWh) [by season and time of day if possible] 

n/a Unknown  

Change in transportation fossil fuel consumption (by 
fuel type) 

n/a Unknown  

Change in stationary fossil fuel consumption (by fuel 
type) 

n/a Unknown  

Cost and Cost Savings 
Capital costs and lifetime 0.0 $163 million  
Annual operating costs and savings 0.0 Unknown  
Electricity & fuel consumption impacts (in energy units) n/a Unknown  

Other Benefits 
List other benefits that can be quantified 0.0 Unknown  

Uncertainty Emission reduction estimate uncertainty is on the order of 50%.  Cost uncertainty is on the order of +/-10%. 
Comments:  2010 benefits are zero as measure does not begin until 2013.  Full implementation year is 2017. 
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Climate Action Team 
Climate Strategy Update Documentation 

Strategy: HFC24 Reduction Strategy 2-2-3, Reducing Direct and Indirect 
GHG Emissions from Stationary Refrigeration and Air 
Conditioning (RAC) Sources 

Agency: ARB 
 Other Involved Agencies:  USEPA, CEC, DTSC, SCAQMD 
 
Lead Staff Contacts:   Dr. Whitney Leeman, Ph.D. 

Strategy Description: 

Overview 
Millions of stationary RAC systems exist in California, ranging from small, hermetically sealed 
residential refrigerators to large direct expansion (DX) refrigeration systems containing 
thousands of pounds of refrigerant. Emissions from RAC systems are categorized as direct 
refrigerant emissions (typically high GWP ODS25 or HFCs) and indirect emissions (CO2E 
emissions resulting from energy use). Direct emissions occur during equipment manufacture, 
lifetime (from leaks, ruptures, maintenance), and end-of life. Indirect emissions occur during 
equipment manufacture and lifetime, and to a lesser degree, end-of-life (during refrigerant 
recovery/reclamation/incineration and/or equipment disposal). This strategy consists of a 
number of measures that will address direct and indirect emissions reductions during the 
lifetimes and end-of-lives of stationary RAC systems. Multiple rules and Board hearings may be 
necessary to implement regulations and voluntary agreements related to the reduction 
measures described in the subsequent sections.   
 
Existing Stationary RAC GHG Reduction Measures:   
SCAQMD Rule 1415 reduces emissions of ODS (which are also high GWP GHGs) through 
registration, reporting, annual inspection/maintenance, and leak repair for systems containing 
more than 50 lbs of ODS refrigerant. Rule 1415 is similar to the regulation outlined in Section 
608 of the Clean Air Act Amendments of 1990 (CAAA), which codifies in federal law a ban on 
venting ODS and HFC refrigerants from stationary systems, as well as service practice 
requirements (refrigerant evacuation and reclamation), technician and equipment certification, 

                                            
24 This strategy was originally developed for HFCs only, however, it has become clear to ARB staff that 
ozone depleting substances, such as CFCs and HCFCs, should be considered as well because of their 
high GWPs and the large quantities in use in stationary RAC systems. CFCs and HCFCs accounted for 
approximately 80% of banked refrigerant and 83% of emissions from stationary RAC equipment in the US 
in 2005 (USEPA 2005 Vintaging Model Output, not weighted by ODP or GWP). 
25 ODS include both the CFCs and HCFCs. ODS phaseout under the Montreal Protocol (for new 
refrigerant production and new RAC systems) will be 90% complete in 2015 and 100% complete in 2030.  
However, existing ODS (recycled or reclaimed ODS, plus old stocks and illegal imports of ODS) may be 
used indefinitely in old equipment. 
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leak repair, refrigerant sales restrictions26, owner/operator/reclaimer certification and 
recordkeeping27, and disposal requirements for systems containing more than 50 lbs of ODS 
refrigerant. 
 
Proposed Stationary RAC GHG Reduction Measures: 
The suggested measures for the stationary RAC sector have been refined since the publication 
of March 2006 Climate Action Team Report. The various direct emission reduction measures, 
and their corresponding regulatory measures described in more detail below, are needed to 
accommodate the large variety and number of system sizes, types, and ages in the stationary 
RAC sector. The measures discussed subsequently will cover all system types, however, 
additional measures were developed for retail food (supermarket) DX systems since the 
potential to reduce direct refrigerant emissions from this end-use category is high, and 
reductions in charge size and leaks can be combined with energy efficiency improvements in 
advanced designs. 
 
Improved efficiency (indirect emissions) measures for some types of systems may also yield 
significant CO2E GHG reductions and are presently included in one measure for retail food 
refrigeration28. Other indirect emissions strategies may be developed for additional end-use 
categories as dictated by research or new data sources. California’s Green Building Initiative 
(Executive Order S-20-04) is expected to improve stationary RAC efficiencies in certain 
instances by improving the maintenance of indoor temperatures and humidity levels. Any 
measures considered here will be system-specific improvements made to existing equipment, or 
the requirement of more energy efficient components in new equipment, rather than 
improvements made to buildings or indoor environments. 
 
Manufacturing Emissions Reductions 
The numbers of RAC systems that are manufactured and charged in California are presently 
unknown. No emissions reductions strategies for RAC manufacturing are currently proposed, 
but ARB staff anticipates that this topic may be of future interest. High GWP emissions reporting 
that will be required by AB 32 for inventory purposes may assist in the creation of voluntarily 
reduction programs. Fines, carbon taxes, and possibly carbon trading are other routes whereby 
manufacturing emission reductions may be realized. 
 

                                            
26 Pure HFCs sales are not restricted to certified technicians and record keeping rules do not apply to 
HFCs under current federal law (see http://www.epa.gov/ozone/title6/608/sales/sales.html and 
http://www.epa.gov/ozone/title6/608/sales/recordkp.html).   
27 Pure HFCs sales are not restricted to certified technicians and record keeping rules do not apply to 
HFCs under current federal law (see http://www.epa.gov/ozone/title6/608/sales/sales.html and 
http://www.epa.gov/ozone/title6/608/sales/recordkp.html).   
28 Retail food refrigeration systems accounted for 36% of commercial energy use (in GWh) and 44% of 
commercial energy intensity (in kWh/ft2-yr) in California in 2002 (estimates from unpublished CEC data, 
CEC 2002 California Commercial End Use Survey, excerpts from Tables 8-2 and 8-3). Energy efficiencies 
of retail food stores are low; air-cooled compressors, open cases, and lack of heat recovery are 
responsible for the majority of energy waste. Ambient air infiltration into open cases is estimated to be 
80% (ASHRAE Transactions: 2002 Transactions, Vol. 108, Pt. 1, AC-02-7-2 -- Performance and Energy 
Impact of Installing Glass Doors on an Open Vertical Deli/Dairy Display Case; Chris Scruton, CEC, 
personal communication, 6/06). 
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Lifetime Direct Emissions Reductions 
All RAC Systems 
Regulatory concepts include statewide adoption of SCAQMD’s Rule 1415, extended to include 
HFCs rather than ODSs only; additionally, the statewide rule should include a provision for small 
systems, as Rule 1415 only applies to large systems containing more than 50 lbs of refrigerant.  
Lastly, annual energy use reporting for large systems should be included in addition to annual 
refrigerant use reporting.   
 
A statewide rule similar to Rule 1415 will obviate the need for the original HFC reduction 
measure 2-2-4, part 2 (leak-tightness I&M check for stationary systems) as it will include 
inspection, maintenance, repair, and refrigerant use reporting for refrigeration and A/C systems 
containing more than 50 lbs of ODS or HFC refrigerant. Additionally, Rule 1415 requires 
detailed record-keeping by and certification of anyone selling or handling refrigerant, as well as 
those people who repair, maintain, and audit RAC systems. 
 
For both large (containing more than 50 lbs of refrigerant) and small systems (containing 50 lbs 
refrigerant or less), the new, statewide rule will address all issues relating to refrigerant sales, 
handling, repair, and maintenance, and will apply to HFCs as well as ODS. The only difference 
between treatment of large and small systems will be that owners and operators of small 
systems will not be required to register their systems, perform annual audits/maintenance, 
report leaks and refrigerant usage, etc. Anyone working on such systems however, must be 
certified and report refrigerant used to charge small systems as well as large systems.  
 
Other regulatory concepts that could result in lifetime direct emissions reductions from large 
systems in the RAC sector include the following: 1) refrigerant cap and trade programs; 2) 
refrigerant deposit and return programs29; 3) imposing fines for refrigerant lost per year; and 4) 
rules or MOUs with industry groups (other than retail food stores, see below) outlining 
acceptable leak-reduction practices and participation in incentive programs to upgrade old, 
leaky RAC equipment.   
 
To be successful in reducing lifetime direct emissions from large RAC systems, the proposed 
rule similar to 1415 must be backed up with one or more of the regulatory concepts listed 
above. The most effective combination will likely be the rule similar to 1415, fines for lost 
refrigerant, and rules or MOUs with industry aimed at improving leak-tightness in large RAC 
systems. Incentive programs provide some motivation to upgrade old, leaky systems, but fines 
or lost deposits will provide more compelling reasons to upgrade equipment, which is also 
expected to have significant benefits in terms of increased energy efficiency. 
 
Lastly, low-GWP “drop-in” refrigerants are a possibility for some types of systems, but future 
development and applications of such refrigerants are unknown at this time, and regulations 
requiring use of such refrigerants are not addressed here. 
 
End-of-life Direct Emissions Reductions 
Dismantling, recovery/recycling and disposal requirements consistent with Section 608 of the 
CAA will be addressed as part of technician training following passage of the new rule; 
technician certification and approved recovery equipment will enhance end-of-life refrigerant 
recovery from RAC systems.   
 

                                            
29 Deposit and return will only work if ARB makes it illegal to import refrigerant from other states. 
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Additionally, the original HFC reduction measure 2-2-5, part 2 (enforcement of federal ban on 
releases) was proposed to strengthen end-of-life refrigerant and possibly foam recovery from 
appliances. On 10/27/06, the USEPA unveiled a voluntary agreement with US utility companies 
(with strong representation from California) to recover all refrigerant and foam from appliances 
at end-of life; this program is expected to reduce end-of-life emissions reductions from the large 
numbers of RAC appliances disposed of each year30.   
 
End-of-life emissions for large RAC systems should be addressed through the reporting rule as 
well as through deposit and return programs or fines for lost refrigerant from decommissioned 
systems. Similarly, deposit and return programs (for new systems) and/or fines (for new or old 
systems) should help to ensure proper disposal of hermetically sealed systems such as vending 
machines, domestic refrigerators and other commercial and residential standalone equipment.   
 
At the present time, refrigerants are required to be recovered from RAC equipment and either 
recycled, reclaimed or destroyed if they are contaminated and cannot be reclaimed. Another 
regulatory concept for dealing with ODS is destruction of all recovered refrigerant at end-of-life 
to reduce availability of ODS, increase the price of ODS, and encourage replacement of old 
systems that leak ODS. ODS destruction programs are being investigated by USEPA in other 
states, and it is anticipated that USEPA would partner with ARB to examine the effectiveness of 
ODS destruction in California.   
 
Lifetime Indirect Emissions Reductions 
Regulatory concepts include mandatory reporting of energy use along with refrigerant use for 
large RAC systems under the new rule similar to 1415, and cooperating with the CEC and 
industry to outline acceptable equipment upgrades or energy saving devices for such systems 
where appropriate. The 1415-type rule, if implemented with fines for lost refrigerant, will also 
reduce lifetime indirect emissions from large RAC systems as old, leaky systems are replaced 
with new, energy efficient ones. 
 
Retail Food Refrigeration Systems 
Due to the magnitude of the emissions as well as energy use, retail food systems should be 
given special attention with respect to reducing leaks and energy use in existing systems, and 
offering incentives to upgrade old systems and adopt advanced designs for new systems, that 
result in reduced lifetime CO2E emissions or enhanced life cycle climate performance (LCCP).  
Enhanced LCCP is generally accomplished by both leak and energy consumption reductions. If 
voluntary measures for upgrading/replacing old systems and new system specifications cannot 
be agreed upon with the retail food industry, a rule could be developed for both old and new 
retail food systems to ensure that they meet certain leak and energy efficiency criteria. 
 
The Dutch regulation on leak-free refrigeration equipment, often referred to as the STEK 
regulation31, was a forerunner in legislative action towards minimization of refrigerant leaks and 
is much more restrictive than Section 608 of the CAAA or SCAQMD Rule 1415. Among the 
requirements in this regulation are the following: 
 
o Flared joints shall not be used 

                                            
30 USEPA estimates that their program will result in a reduction of approximately 1.9 MMT CO2E over the 
next two years due to replacement of old appliances with more energy efficient ones as well as 
recovering refrigerant and foam that might result in end-of-life emissions. 
31 “Order on leak-free refrigeration equipment”, Dec. 18th 1994, The Netherlands. 
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o Pipes shall be joined by welded or brazed joints 
o Systems with a charge > 3 kg shall be inspected annually 
o Systems with a charge of >1000 kg shall be under constant supervision 
o Logbooks must be kept for all systems with a charge exceeding 3 kg 
o Refill or top-off is only permitted if leaks are identified and repaired 
 
Rather than adopting this rule for all RAC equipment, some of the requirements of the regulation 
could be applied to new retail food systems, as well as other requirements such as adoption of 
general policies to have full accessibility to all refrigerant pipe work32. 
 
Energy efficiency measures may be applied to both existing and new retail food refrigeration 
systems that may significantly reduce indirect CO2 emissions from this end-use category33. A 
few of the numerous examples of equipment upgrades that could significantly reduce energy 
use by retail food stores include the following: evaporative condensers, adding doors to cases, 
anti-sweat heater controls, and heat recovery. Advanced refrigeration designs new retail food 
systems generally enhance LCCP through reduced refrigerant charges, shorter lines, fewer 
fittings, and in some cases improved energy efficiency.    
 
Summary of Proposed Stationary RAC GHG Reduction Measures: 
Although potential exists for numerous permutations of the various reduction measures 
described in the preceding sections, the recommended combination of measures to deal with 
both large and small systems, different refrigerants and applications, direct and indirect 
emissions during lifetime and end-of-life is the following:  
 
1) implementation of a statewide rule similar to SCAQMD Rule 1415, with adjustments to 

include HFCs as well as ODS, energy reporting for large systems, and HFC sales 
restrictions; 

 
2) refrigerant deposits or fines for lost refrigerant; 
 
3) rules or MOUs that require existing and new retail food systems to adopt leak 

reduction technologies as well as energy saving devices, and that also require 
advanced refrigeration designs for new retail food systems. 

 
These measures should not diminish the importance of others described in previous sections, 
which may be implemented at some future date if they can be shown to offer additional 
significant, cost-effective GHG reductions.   
 

                                            
32 Accessibility of RAC systems is an important design consideration. It has been common practice to 
install refrigerant-containing pipes underneath concrete floors or behind walls; this results in leaks going 
undetected.   
33 Incentive programs aimed at improving energy efficiencies of retail food systems have been discussed 
with CEC, who are interested in partnering with ARB to accomplish this goal. Currently, USDOE and CEC 
programs mandate equipment energy efficiency standards that are aimed at standalone equipment. The 
same is true for USEPA’s voluntary EnergyStar program. Energy efficiencies of retail food systems with 
remote compressors fall into a regulatory gray area as test methods do not yet exist for them (Michael 
Martin, CEC, personal conversation, 10/06). CEC believes this important issue can be addressed through 
AB 32 (Michael Martin, CEC, personal conversation, 10/06).    
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Current and Future RAC Emissions Research 
The proposed RAC emission reduction measures are mostly conceptual at the present time as 
data do not exist to enable quantification of numbers, types, and direct and indirect emission 
rates of the numerous stationary RAC systems in California. Reduction measures were devised 
based on existing data and future projections from USEPA, the scientific literature, industry, and 
EU regulations; some changes may be necessary after California-specific data become 
available through research. 
 
ARB has research planned for 2007 to develop a California-specific refrigerant inventory for 
most, if not all, end-use categories within the refrigeration and A/C sectors, including both ODS 
and HFC refrigerant emissions and banks. Additionally, indirect and direct GHG emissions from 
existing retail food stores will be quantified; LCCP analysis of advanced retail food refrigeration 
systems and projections of future retail food emissions under different scenarios will then be 
performed. Lastly, the contractor will evaluate energy saving equipment and strategies, and 
estimate energy savings benefits in terms of CO2E reductions for existing and new retail food 
stores. 
 
ARB has research planned for 2008 to establish an inventory of foams in California and to 
estimate production, lifetime, and end-of-life emissions of ODS, HFCs, and alternative blowing 
agents from foams. Foams containing ODS and HFCs are used in numerous other applications 
and structures besides RAC appliances, and large potential exists to reduce high GWP GHGs 
through recovery and destruction at end-of-life.   

Affected Entities 
The proposed stationary RAC GHG reduction measures will affect the following entities: 
Owners or operators of RAC equipment containing more than 50 lbs.of refrigerant. The number 
of large systems operating in California is unknown, but there are likely tens of thousands of 
chillers, large A/C systems, supermarket DX systems, as well as other industrial refrigeration 
and freezing systems; they will be required to report refrigerant use, perform audits and 
maintenance, repair leaks, and possibly lose deposits or pay fines for lost refrigerant. Retail 
food system owners may be especially impacted if rules are passed or voluntary measures 
agreed upon that require upgrading or installing more expensive new refrigeration systems. 
Large RAC system owners may pass costs on to customers or tenants. 
 
Refrigerant manufacturers, distributors, and retailers, who will be required to submit records of 
all refrigerant sales. Additional impacts may be experienced if a deposit and return program is 
implemented for cylinders of refrigerant or interstate sales are restricted or banned. Refrigerant 
manufacturers, distributors, and retailers may in turn pass costs on to the consumer. The 
number of such entities in California is unknown. 
 
HVAC/R equipment or system manufacturers, distributors, and retailers. Both positive and 
negative economic effects are anticipated for HVAC/R equipment manufacturers, distributors, 
and retailers, who can benefit from manufacturing and selling new systems if rules or MOUs are 
implemented that require certain types of equipment. Negative impacts may be experienced if 
customers begin requesting more warranty service because of leaky systems or an equipment 
deposit and return program is implemented, which would make manufacturers responsible for 
their equipment at end-of-life. HVAC/R equipment manufacturers are expected to pass costs on 
to the consumer. The number of such entities in California is unknown. 
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HVAC/R technicians. HVAC/R technicians who handle halons are supposed to be certified by 
USEPA under current law, so those who are not already certified may pass some of their 
training and equipment costs on to their customers. On the other hand, demand for HVAC/R 
technician services should increase significantly after passage of a statewide rule requiring 
auditing, maintenance, and leak repair of all large systems. The number of HVAC/R technicians 
in California is unknown, but likely to be in the thousands to tens of thousands. 
 
Transfer stations, landfill operators, or other entities involved in equipment salvage and 
disposal. Anyone involved with RAC equipment end-of-life recycling/recovery/disposal may be 
impacted by fines for improper handling and/or loss of refrigerant. The number of affected 
entities is unknown, but is likely to be in the thousands. 
 
Certified Appliance Recyclers (CAR). Taken from the most recent DTSC list, 259 applicants 
have applied to become CARs and 174 or 67% have been approved as CAR. The remaining 85 
applicants or 33% have failed to adequately meet the DTSC standards of criteria. DTSC has 
stated that a large number of applicants have never heard of EPA’s Section 608 technician 
certification programs and exams; this may change if USEPA’s end-of-life enforcement is 
strengthened (as outlined in Strategy 2-2-5, part 2; enforcement of federal ban on releases) and 
USEPA’s partnership with utilities to recover refrigerant and foam at appliance end-of-life leads 
to more CARs being certified by USEPA. CARs may incur additional expenses resulting from 
certification requirements, but already should be complying with these requirements under 
current law. The demand for CAR service is projected to increase due to increased end-of-life 
recovery efforts and enforcement. 

Related Objectives 
The stationary RAC emission reduction measures are motivated primarily by GHG emissions 
reductions; however, the measures that relate to improved energy efficiencies of RAC systems 
(mostly retail food systems) have non-GHG benefits, such as reduced dependence on fuel and 
energy imports. Additionally, there are a number of state and federal programs in place that 
support the proposed indirect emissions reductions from RAC equipment, and vice versa. 
 
The direct emissions reductions measures would support the Montreal Protocol and USEPA’s 
national program (Section 608 of the CAAA) to reduce emissions of ODS, which will help protect 
the stratospheric ozone layer as well as reduce inputs of GHGs to the global climate system. 
The same is true for ODS destruction programs. 
 
ARB has been in contact with CEC regarding working together to develop incentive or other 
programs to promote advanced retail food system designs for reduced refrigerant leakage and 
energy use that are supported by (but not mandated by) current state and federal laws. 
Additionally, a number of energy-saving devices that are supported by (but not mandated by) 
current state and federal laws could be applied to both existing and new retail food systems.   
 
RAC indirect emissions reductions strategies also support the Green Buildings Initiative, which 
requires use of energy efficient RAC systems, but also increases efficiencies of stationary RAC 
systems by better maintenance of indoor temperatures and humidity in new buildings. 

Strategy Metrics 
Multiple metrics will be needed for the multiple stationary RAC GHG reduction measures. 
Primary metrics used to gauge the success of the direct and indirect emissions reductions 
measures for large systems could include the following, in order of importance: 
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1) Reduced refrigerant use due to leak reduction  
This metric could be reported as the ratio of refrigerant use each year after implementation of 
the program divided by refrigerant use reported at the beginning of the program34; the ratio 
should decrease due to leak reduction, then level out at some point as the population increases. 
 
2) Reduced energy use due to upgrading old equipment as well as adopting energy 
saving devices for existing retail food systems and advanced designs for new retail food 
systems 
This metric could be reported as energy consumed by large RAC systems each year after 
implementation of the program divided by energy use reported at the beginning of the program; 
this ratio could be calculated for all systems or some subset, such as retail food systems, and 
should decrease with time then level out at some point as the population increases35. 
 
3) Cumulative percentage of advanced design retail food systems built each year after 
the strategy is implemented  
This metric could be utilized If voluntary measures or rules are adopted that require advanced 
refrigeration system designs for retail food stores; this ratio should always increase with time. 
 
A metric used to gauge the success of the direct emissions reductions measures for both small 
and large systems could include the following: 
 
4) Cumulative percentage of halon handlers who complete the USEPA certification 
program each year after implementation of the rule  
Halon handlers include HVAC/R technicians and CAR; this ratio may only be calculated if data 
become available to estimate the numbers of all halon handlers in California; this ratio should 
always increase with time. 
 
Metrics 1 and 2 will be the most useful metrics to consider at the present time as number 
3 will be obviated if a rule is passed requiring 100% of new retail stores to adopt 
advanced designs (as opposed to a voluntary agreement) and data does not yet exist to 
support number 4. 
 
The following metrics could prove to be useful in the future, after inventory research is complete 
and ARB is further along in developing the climate change mitigation program: 
 
o total fines assessed for lost refrigerant each year after implementation of the rule (if a 

fine system is adopted; should generally decrease with time, possibly leveling out at some 
point); 

 

                                            
34 This ratio could be calculated for each RAC end-use category, for each refrigerant type and system 
type/size, and could be used to track progress of leak reduction for various system types. “Refrigerant 
use” is the amount of refrigerant required to bring a RAC system up to its full operating charge each year, 
and is equivalent to the amount of refrigerant lost each year due to leaks, ruptures, or other venting. 
Reported refrigerant use can be checked against reported refrigerant purchases from manufacturers, 
distributors, and retailers. 
35 The indirect emissions reductions measure developed in this Work Plan only addresses retail food 
refrigeration systems. However, increased RAC equipment turnover, as well as CEC, DOE, and USEPA 
rules and programs, should result in increased energy efficiencies, so overall energy use by the RAC 
sector should decrease with time until population growth outweighs reductions. 
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o deposits lost per year due to refrigerant loss (if a deposit and return program is 
implemented; should generally decrease with time, possibly leveling out at some point); 

 
o fraction of large RAC systems replaced by new systems each year after 

implementation of the rule (if a fine or deposit and return system is implemented; ratio 
should increase faster than growth rates without reduction measures); 

 
o cumulative percentage of ODS destroyed per year after the strategy is implemented (if 

an ODS destruction program is developed; ratio should always increase with time). 

Strategy Goals and Implementation Approaches 
The goals of the stationary RAC direct and indirect emissions reductions measures are the 
following: 
 
1) Reduced refrigerant use due to leak reduction 
Based on current, technically feasible solutions for leak reduction in retail food systems (which 
contain more piping, fittings, and valves than other types of systems), goals of 5% maximum 
annual leak rate by 2010 and 2% maximum annual leak rate by 2020 could be set for all large 
RAC systems36. This goal presumes that the aforementioned retail food rule is passed to ensure 
compliance with the above objective. An industry MOU is not expected to be as effective as a 
rule, based on correspondence with USEPA and CEC.   
 
If a 1415-type reporting rule is relied on exclusively without strong economic disincentives to 
control refrigerant emissions or other agreements to reduce leaks, owners and operators of 
large RAC systems are not as likely to regularly check and repair leaks (other than the requisite 
once per year), and the above-stated goals may not be met. 
 
2) Reduced energy use due to equipment upgrades, energy saving devices for existing 
retail food systems and advanced designs for new retail food systems 
The number of expected RAC equipment upgrades in 2010 and 2020 is unknown, but could be 
substantial if fines are levied or deposits kept for lost refrigerant.   
 
Energy saving devices can be expected to reduce energy consumption of existing and new 
retail food stores by 10% in 2010 and 30% in 202037. Advanced designs for new retail food 
systems are expected to have some energy reduction benefits in 2010 and 2020 compared to 
baseline DX systems, but the incremental energy savings are predicted to be small. Energy 
saving devices will be responsible for the majority of energy saved in new retail food systems, 
while advanced refrigeration designs will serve to reduce refrigerant charge and leaks. 

                                            
36 Solvay Fluor, Advances in Supermarket Refrigeration Leak Reduction, Product Bulletin no. 
C/07.05/23/E; ARAP/CARB workshop, 10/06; Arthur D. Little, Inc., Global Comparative Analysis of HFC 
and Alternative Technologies for Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and 
Fire Protection Applications, Final Report to the Alliance for Responsible Atmospheric Policy, March 21, 
2002. This metric applies mostly to retail food systems since other large systems generally have low leak 
rates at the present time.   
37 Arthur D. Little, Inc., Energy Savings Potential for Commercial Refrigeration Equipment Final Report, 
prepared for Building Equipment Division Office of Building Technologies U.S. Department of Energy, 
June, 1996. The maximum achievable reduction of 30% is based on currently feasible technologies for 
machine rooms and display cases, allowing for a ten year phase-in period. Adding doors or night covers 
to display cases is not included in the energy reduction estimate, and is expected to result in even greater 
energy benefits if utilized. 
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This goal will be met by implementation of a rule that requires existing and new retail food 
systems to adopt leak reduction technologies as well as energy saving devices, and also 
requires advanced refrigeration designs for new retail food systems; again, an industry MOU is 
not expected to be as effective as a rule, based on correspondence with USEPA and CEC. 

Technology 
Direct Emissions Reductions, Large RAC Systems 
Leak reduction technologies for every type of large RAC system (including chillers, refrigerated 
warehouses, industrial process refrigeration, HVAC systems, etc.) is beyond the scope of this 
document. The following section addresses leak reduction technologies for retail food systems, 
some of which are applicable to other large RAC systems. 
 
Direct Emissions Reductions, Retail Food Systems 
The technologies required for leak reductions from retail food systems include the following: 
sensitive leak detection equipment, fixed leak detection methods (optional but useful), utilizing 
brazed (welded) joints instead of flanged or threaded (mechanical) joints, compressor vibration 
reduction, and improved or reduced numbers of Schrader valves. Additionally, owners and 
operators of retail food systems should adopt general policies to have full accessibility to all 
refrigerant pipe work as this has not been addressed in the past. 
 
Advanced retail food refrigeration designs serve to reduce refrigerant charge (which is important 
in case of ruptures) as well as reducing leaks through shorter lines that employ fewer fittings. 
Energy efficiencies of advanced designs in some instances are higher than those of 
conventional DX systems, but are generally achievable through evaporative heat rejection 
(evaporative condenser or cooling tower), which can also be applied to conventional DX 
systems instead of air-cooled condensers38. 
 
Technologies involved in advanced-design retail food refrigeration systems include distributed 
systems, secondary loop systems, and reduced charge DX systems.   
 
Distributed systems39 (or distributed compressor systems) are comprised of several small 
compressor racks that are located in cabinets that are distributed throughout the store and 
close-coupled to the display case lineups or storage rooms they serve. With this approach, the 
long lengths of piping needed to connect the cases with large remote compressor racks in a 
machine room are eliminated. The cabinets may be placed either at the end of a case lineup on 
the sales floor or behind the cases around the perimeter of the store. The refrigerant charge 
requirement for the distributed system is much less than for multiplex systems due to the 
shortening of the suction and liquid lines to the display cases. With a secondary loop for heat 
rejection, the refrigerant charge required for a distributed system is about 30-35% of that 
required for multiplex systems; if separate rooftop condensers are used for each cabinet, the 
total charge requirement will be about 50-60% that of multiplex systems. Another estimate of 
distributed system charges is 25% of DX system charges40. 

                                            
38 Van D. Baxter, Oak Ridge National Laboratory, IEA Annex 26: Advanced Supermarket 
Refrigeration/Heat Recovery Systems, Final Report Volume 1 – Executive Summary, April 2003. 
39 Van D. Baxter, Oak Ridge National Laboratory, IEA Annex 26: Advanced Supermarket 
Refrigeration/Heat Recovery Systems, Final Report Volume 1 – Executive Summary, April 2003. 
40 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
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Secondary loop systems41 have the advantage of reduced refrigerant charge and potential for 
utilization of low-GWP refrigerants (such as ammonia). Secondary loop refrigeration systems 
can take many forms, but they generally employ one or more chillers to refrigerate a secondary 
fluid that is then pumped to the display cases and storage rooms. Primary refrigerant charge 
requirement can be reduced to about 10-15% of that needed for conventional direct expansion 
system. If ammonia is used as the refrigerant, extra safety precautions must be taken in case of 
ruptures. Another estimate of distributed system charges is 11% of DX system charges42. 
 
Low-charge multiplex systems reduce the overall system refrigerant charge but retain the long 
connecting lines between compressors and display cases. This can be accomplished by 
minimizing the refrigerant inventory in the receiver during normal operation (the receiver’s 
primary function in this design is to provide refrigerant storage during system servicing). Total 
charge required for this system is expected to be about 2/3 that of a conventional multiplex 
system. Another approach is to reduce charge to the minimum needed for correct operation of 
the system evaporators. Total refrigerant charge required by this approach is expected to be as 
little as 30% of that needed by conventional multiplex systems. 
 
Indirect Emissions Reductions, Retail Food Systems 
Technologies involved in reducing energy consumption of retail food systems include the 
following, described in detail elsewhere43: 
 
Machine Room Technologies 
Evaporative condensers 
Floating head pressure controls 
Heat Recovery 
Ambient subcooling 
Mechanical subcooling 
 
Display Case Technologies 
Add doors to display cases 
Energy-efficient reach-ins 
High-efficiency evaporator fan motors 
Anti-sweat heater controls 
Hot gas defrost  
Liquid suction heat exchangers 
High-efficiency condenser fan motors 
High-efficiency compressor systems 
Efficient lighting 

                                            
41 Van D. Baxter, Oak Ridge National Laboratory, IEA Annex 26: Advanced Supermarket 
Refrigeration/Heat Recovery Systems, Final Report Volume 1 – Executive Summary, April 2003. 
42 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
43 Arthur D. Little, Inc., Energy Savings Potential for Commercial Refrigeration Equipment Final Report, 
prepared for Building Equipment Division Office of Building Technologies U.S. Department of Energy, 
June, 1996. 
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Statutory Status 
The text of AB 32 (Part 1, Chapter 3, Section 38505) defines GHGs as the following: carbon 
dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. 
Other GHGs such as the ODSs described in this strategy are not called out explicitly. Thus, it is 
assumed that additional legislative authority may be needed to include ODS in ARB’s new GHG 
inventory and proposed statewide rule similar to SCAQMD Rule 1415 described previously44. 
The proposed statewide rule could potentially be implemented without additional legislative 
action if only RAC systems employing HFCs are considered, but the emissions reductions are 
expected to be substantially less than if ODS are considered.   
 
Additionally, if after completion of ARB’s foam inventory research, it is decided that a shift from 
ODS in foams can achieve significant cost-effective GHG reductions, additional legislative 
authority again might be necessary to phase out ODS from foams and require utilization of 
alternative blowing agents. All other measures discussed in previous sections can be 
implemented without additional legislative action. 

Implementation Steps and Timeline 
The following process will be initiated for the proposed statewide rule similar to SCAQMD Rule 
1415. Other non-rule strategies, if adopted, such as an industry MOU for new retail food 
equipment, will have a shorter timelines. 
 
Projected Start Date:  4/06 
 
Initial education of staff on relevant technical topics    April – Dec., 2006 
 
Stakeholder workgroups       July, 06 – Dec., 07 
 Initial industry workshop: technical and policy  

options overview       Oct. 10 – 12, 2006 
 
Extramural research project  

Submit proposal for extramural research to RSC   December, 2006 
Research project supports strategy  
development by filling technical data gaps 

 
Begin research project      January 1, 2007 

 
Conclude research project  

Receive draft final data from  
research contractors      January 1, 2008 
Draft final data reviewed and  
approved by RSC      April, 2008 

 
Begin technical and economic/fiscal impact analyses    April, 2008 
 
Propose legislation to provide regulatory authority    May, 2008 
 
Staff Report for review to Branch Chief     July, 2008 

                                            
44 Additional legislative authority might not be necessary, as SCAQMD’s Rule 1415 has been in existence 
since 1991 and includes only the ODS. 
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Staff Report for review to Division Chief     July, 2008 
 
Economic/fiscal impact (Form 399) including appropriate    August, 2008 
attachments and Cal/EPA summary due to legal 
 
Economic/fiscal impact (Form 399) including appropriate    August, 2008 
attachments and Cal/EPA summary due DOF 
 
Staff report to EO for review       September, 2008 
 
Begin developing necessary training materials,  
reporting forms, etc.        October, 2008 
 
Public workshop (proposed regulatory language)    November, 2008 
(preceded by district & stakeholder conference calls) 
 
Acquire additional regulatory authority as required45    January, 2009 
 
Final notice package (notice, staff report (ISOR) with   January, 2009 
references, approved/signed 399) for review, approval  
and signature by EO to legal 
 
Notice package to OAL for publication      January, 2009 
 
ISOR and notice to reproduction for mailing     February, 2009 
 
ISOR and notice public availability      February, 2009 
 
Board hearing         March, 2009 
 
Projected Completion Date:  3/09 

Greenhouse Gas Emission Reductions 
Potential GHG reductions depend on the numbers, capacities, leak, and venting rates of 
stationary RAC systems for each type of refrigerant having a unique GWP. Research is 
proposed to develop an inventory of most types of stationary RAC equipment, and should be 
completed by 2008; until that time, the numbers and leak rates of various stationary RAC 
systems in California can only be grossly estimated for certain end-use categories. 
 

                                            
45 Note: this is a very optimistic timeline that is dependent on future legislative schedules. Remaining 
dates will need to be adjusted as appropriate. 
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Estimates from March 2006 Climate Action Team Report46 
The estimated reduction potentials for the stationary air conditioning and refrigeration sector 
were originally assigned to three different Work Plans in the March 2006 Climate Action Team 
Report; improved I/M, new specifications for retail food systems, and improved end-of-life 
refrigerant recovery. The emissions reductions estimated for the three measures was combined 
and is shown below.  
 

Year 2010 2020 

MMT of CO2-
equivalents reduced 

2.1 5 

 
Revised Estimates 
 
Leak and Energy Use Reductions from Large RAC Systems 
 
Potential CO2E direct emissions reductions for large RAC systems in CA are unknown, but are 
presumed to be greater than the above estimates, which were developed for new, centralized 
refrigeration systems utilizing HFCs. A small percentage of the reductions associated with the 
above estimates in 2010 and about half of the reductions in 2020 are due to introduction of 
systems with lower leak rates (such as distributed or secondary loop systems) or a shift from 
R404A/R507 to HFC134a, which might not be technically feasible for all DX systems.   
 
There are at most only several hundred new, centralized retail food refrigeration systems built in 
California each year, whereas proposed measures outlined in this Work plan have the potential 
to reduce direct emissions from thousands of large RAC systems through mandatory refrigerant 
use reporting, maintenance, leak repair, improved HVAC/R technician training, and deposit and 
return programs or fines for lost refrigerant. The magnitude of emissions reductions cannot be 
accurately estimated until completion of inventory research and analysis of SCAQMD 1415 data 
(for large RAC systems employing more than 50 lbs of ODS refrigerant).   
 
Lifetime Emissions Reductions from Retail Food Systems 
 
Lifetime Leak Reductions or Direct Emissions Reductions 
 
The Alliance for Responsible Atmospheric Policy (ARAP) reports 30,000 supermarkets in the 
US with a total of 4,000 built or remodeled each year, although this number is conservative 
compared to other estimates and appears to be based on a 1996 DOE report47,48. Multiplying 

                                            
46 The HFC reduction estimates reflected in the March 2006 Climate Action Team Report are 
conservative and based on 1) prohibiting conventional centralized refrigeration systems with large 
charges, 2) limiting GWP of refrigerant to 1300, 3) requiring inspection and repair (previously part of 
workplan 2-2-4), and 4) enforcement of refrigerant recovery (previously part of Work Plan 2-2-5). Limiting 
GWP of refrigerant will require LCCP analyses for each type of refrigeration or A/C system and is not the 
preferred regulatory option.   
47 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
48 Arthur D. Little, Inc., Energy Savings Potential for Commercial Refrigeration Equipment Final Report, 
prepared for Building Equipment Division Office of Building Technologies U.S. Department of Energy, 
June, 1996. 
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the number of all retail food systems in the US per year by the 2005 California population 
fraction (12.8% from the US Census) yields an approximate 3840 supermarket systems in 
California in 2005. A growth rate of 2% is assumed for retail food systems49, so that about 4220 
retail systems will exist in 2010 and about 4990 in 2020.  
 
The typical refrigerant charge of a DX system in pounds is 6% of the floor area in square feet or 
3,600 lbs for a 60,000 square foot store. The typical refrigerants used in new DX systems are 
R404A or R507, with an average 100 year GWP of 3280 (3260 for R404a and 3300 for R50750). 
Assumed refrigerant leak rates, in percent of charge loss per year, are 15% for current DX 
systems compared to 4% for a distributed system and 2% for a secondary loop system51. 
Refrigerant leak rates for reduced charge multiplex systems are unknown.  Reports from Europe 
and industry indicate that improved DX system installation and leak reduction strategies could 
also result in leak rates of 5% by 2010 and 2% in 2020.  
 
If we compare the incremental difference in leak rates (about 10% for 2010 and 13% for 2020), 
we obtain an average leak reduction per system of 360 lbs x 3280 = 1,180,800 lbs CO2E or 536 
MTCO2E for 2010 and 468 lbs x 3280 = 1,535,040 lbs CO2E or 696 MTCO2E for 2020. 
Multiplying the emissions reductions per system by the numbers of new retail food systems in 
2010 and 2020 results in reductions of 2.3 MMTCO2E and 3.5 MMTCO2E, respectively. 
 
Lifetime Energy Savings or Indirect Emissions Reductions 
 
The energy consumption of a typical baseline system is currently 1.2 million kWh/year52. If 
predicted energy reductions of 10% in 2010 and 30% by 2020 are achieved through energy 
saving devices, the expected energy savings are 120,000 kWh in 2010 and 360,000 kWh in 
2020. Multiplying by the approximate numbers of all retail systems in use in 2010 and 2020 
(4220 and 4990) and the amount of CO2 produced per kWh (0.65 Kg CO2 per kWh53) results in 
reductions of 0.33 MMTCO2E and 1.2 MMTCO2E in 2010 and 2020, respectively. 
 
Leak Reductions from Small RAC Systems 
 
Direct emissions from millions of pieces of small commercial and residential standalone 
refrigeration equipment (such as domestic refrigerators), as well as millions of residential A/C 
systems are predicted to be reduced through improved HVAC/R technician training, end-of-life 

                                            
49 Based on California’s estimated population growth rate of 2% by the Legislative Analyst’s Office: 
http://www.lao.ca.gov/2004/cal_facts/2004_calfacts_econ.htm 
50 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
51 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
52 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
53 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002.  (Note:  The August 2007 
macroeconomic analysis uses an emissions factor for avoided electricity that differs from the factor used 
in this write up.) 
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recovery, and possibly through deposit and return programs. The magnitude of emissions 
reductions cannot be estimated as there are no data to gauge the effectiveness of such 
programs. USEPA predicts that their partnership with utility companies to recover refrigerants 
and foams at appliance end-of-life will yield 1.9 MMTCO2E over the next two years, with 
significant representation in California54. The reductions in 2010 and 2020 cannot be predicted. 
 
Summary of Emissions Reductions- Retail Food Only 
 
Only retail food lifetime direct and indirect emissions reductions can be estimated as first order 
approximations. Significant and additional reductions are expected due to implementation of 
regulations that result in reduced emissions through reporting, fines, technician training, and 
improved end-of-life recovery. 
 

Year 2010 2020 
MMTCO2E emission reductions 2.6 4.7 
Note: The August 2007 macroeconomic analysis uses an 
emissions factor for avoided electricity that differs from the factor 
used in this write up.  Consequently, the emission reduction 
associated with avoided electricity consumption varies from the 
value reported here. 

 

Costs and Cost Savings 
 
Cost to Regulated Entities 
 
Large RAC Systems 
The costs for yearly inspection and maintenance by certified technicians are not expected to be 
more than about $20055. Presently, owners or operators of large RAC systems should maintain 
and repair their systems for optimal performance and reduced energy costs, so the incremental 
cost of the new rule is not expected to be significantly higher than current costs, unless leaks 
are going undetected and unrepaired. The incremental costs per system associated with an 
owner, operator, or auditor filling out several short reporting forms is expected to be less than 
$20056. The number of large RAC systems in California is unknown until ARB’s inventory 
research is complete. Proper recovery/reclamation/recycling of refrigerant gas during repair or 
end-of-life should already be performed and should not significantly add to the incremental cost 
associated with proposed reduction strategies. The costs for lost deposits or fines due to leaks 
or ruptures are unknown, but may be significant. The cost savings of leak reductions cannot be 
estimated until ARB’s inventory research is complete- reducing leaks will result in reduced 
refrigerant costs and potentially energy savings due to improved operational efficiencies of full 
systems. 
 
Retail Food Systems 

                                            
54 Jeff Cohen, USEPA, personal communication, 10/06. 
55 Based on one 8-hour workday by a HVAC technician at a rate of $22/hour in California: 
http://www.payscale.com/research/US/Job=HVAC_Service_Technician/Hourly_Rate/by_State 
56 Based on one 8-hour workday by a HVAC technician at a rate of $22/hour in California: 
http://www.payscale.com/research/US/Job=HVAC_Service_Technician/Hourly_Rate/by_State 
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The costs for installation of advanced retail food designs may be substantial, but will be offset 
by refrigerant and electricity savings. The payback period will depend on future refrigerant and 
electricity costs. 
 
Baseline Case 
USEPA estimates that a baseline DX system costs $200 per ton of cooling capacity to install. 
Other reports indicate that the total installed cost of a 100 ton supermarket refrigeration system 
is between 1 and 1.1 million dollars. The annual maintenance cost for a baseline DX system is 
about $75 per 100 sq ft of store sales area. 
 
Distributed Systems 
USEPA estimates that for a distributed retail food system with HFC refrigerant, installation costs 
will be 50% higher than a baseline system, but will result in $6,000 of energy savings per year57.   
 
Other reports estimate installation costs to be $60,000, or about 15%, over a baseline multiplex 
DX system for a supermarket with a 330 kW refrigeration load, with less maintenance required 
than for the baseline case58. This estimate is probably optimistic since average connected 
electric load is also reported as 440 kW59, which would result in installation costs of about 
$80,000, or 20%, over a baseline DX system. 
 
Secondary Loop Systems 
USEPA estimates that for a secondary loop retail food system with HFC refrigerant, installation 
costs will be 20% higher than a baseline DX system; using ammonia refrigerant results in 
installation costs 75% higher than the baseline case60. 
 
Other reported installation costs of secondary loop systems are about 20% higher on average 
than baseline DX systems, while maintenance costs are expected to be lower than for the 
baseline case61. 
 
Low-Charge Multiplex Systems 
The only report of incremental cost increase for low-charge multiplex systems assumes zero 
incremental cost if both the baseline multiplex systems and the low-charge multiplex system use 
the same type condenser62. 
 
Estimated Cost for Installation of Advanced System Designs    
ARAP reports 4,000 supermarkets built or remodeled each year, as mentioned previously. 
Multiplying the number of new retail food systems in the US per year by the 2005 California 

                                            
57 U.S. High GWP Emissions 1990-2010: Inventories, Projections and Opportunities for Reductions, 
USEPA 000-F-97-000, June 2001. 
58 Van D. Baxter, Oak Ridge National Laboratory, IEA Annex 26: Advanced Supermarket 
Refrigeration/Heat Recovery Systems, Final Report Volume 1 – Executive Summary, April 2003. 
59 Arthur D. Little, Inc., Global Comparative Analysis of HFC and Alternative Technologies for 
Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications, Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002. 
60 U.S. High GWP Emissions 1990-2010: Inventories, Projections and Opportunities for Reductions, 
USEPA 000-F-97-000, June 2001. 
61 Van D. Baxter, Oak Ridge National Laboratory, IEA Annex 26: Advanced Supermarket 
Refrigeration/Heat Recovery Systems, Final Report Volume 1 – Executive Summary, April 2003. 
62 Van D. Baxter, Oak Ridge National Laboratory, IEA Annex 26: Advanced Supermarket 
Refrigeration/Heat Recovery Systems, Final Report Volume 1 – Executive Summary, April 2003. 
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population fraction (12.8% from the US Census) yields an approximate 512 new supermarket 
systems built in California in 2005. A growth rate of 2% is assumed for retail food systems63 
resulting in approximately 560 new retail systems to be built in 2010 and about 665 in 2020.  
 
Assuming that the average baseline systems costs $500,000 and that the “average” advanced 
design costs 20% more to install ($100,000 incremental increased cost), the expected 
incremental cost increases are approximately $100,000 x 560 =  $56 million in 2010 and 
$100,000 x 665 = $66.5 million in 2020. These estimates do not reflect inflation, maintenance 
costs, or reduced utility bills associated with energy savings (future electricity costs are 
unknown). 
 
Small RAC Systems 
The incremental costs to pay for certified technicians to repair small systems or recover 
refrigerant at end-of-life are not expected to be significant; technicians are already supposed to 
be certified to handle halons under current federal law.   
 
Hermetically sealed standalone equipment is unlikely to leak. For residential A/C or other small 
systems, the costs for lost deposits or fines due to leaks are unknown, but may be significant. 
 
Proper recovery/reclamation/recycling of refrigerant gas during repair or end-of-life of small 
systems should already be performed and will not add to the incremental cost associated with 
proposed reduction strategies. 

Other Benefits 
All benefits associated with the RAC emission reduction measures have been discussed in the 
preceding sections. 

Summary Table 
Please see attached Strategy Update Summary Table.   
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63 Based on California’s estimated population growth rate of 2% by the Legislative Analyst’s Office: 
http://www.lao.ca.gov/2004/cal_facts/2004_calfacts_econ.htm 
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Detailed Strategy Goals Table 
Strategy:   HFC Reduction Strategy 2-2-3, Reducing Direct and Indirect GHG Emissions from 
Stationary Refrigeration and Air Conditioning (RAC) Sources 
Agency:  ARB 
 

Year 

Reduced Refrigerant Use Due 
to Leak Reduction 

Maximum Leak Rate for Large 
RAC Systems 

2005  
2006  
2007  
2008  
2009  
2010 5% 
2011  
2012  
2013  
2014  
2015  
2016  
2017  
2018  
2019  
2020 2% 
Full 

Implementation 
Year 

2020 
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Detailed Strategy Goals Table 
Strategy:   HFC Reduction Strategy 2-2-3, Reducing Direct and Indirect GHG Emissions from 
Stationary Refrigeration and Air Conditioning (RAC) Sources 
Agency:  ARB 
 

Year 

Reduced Energy Use by Existing 
and New Retail Food Stores 

Energy Reduction for Retail Food 
Stores 

2005  
2006  
2007  
2008  
2009  
2010 10% 
2011  
2012  
2013  
2014  
2015  
2016  
2017  
2018  
2019  
2020 30% 
Full 

Implementation 
Year 

2020 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   HFC Reduction Strategy 2-2-3, Reducing Direct and Indirect GHG Emissions from 
Stationary Refrigeration and Air Conditioning (RAC) Sources 
Agency:  ARB 
 

Year 

Greenhouse Gas Emission Reductions 
(MMT CO2e) 

Direct and Indirect Emission 
Reductions, Retail Food Stores Only1 

2005  
2006  
2007  
2008  
2009  
2010 2.6 
2011  
2012  
2013  
2014  
2015  
2016  
2017  
2018  
2019  
2020 4.7 
Full 

Implementation 
Year 

2020 

Uncertainty ±25% 
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Detailed Cost Table 
Strategy:   HFC Reduction Strategy 2-2-3, Reducing Direct and Indirect GHG Emissions from 
Stationary Refrigeration and Air Conditioning (RAC) Sources 
Agency:  ARB 
 

Year 

Cost Estimates 

Capital 
Costs 

Operating 
Costs 

Cost 
Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Fuel 1 Fuel 2 Fuel 3 
2005       
2006       
2007       
2008       
2009       
2010 $56 million unknown unknown    
2011       
2012       
2013       
2014       
2015       
2016       
2017       
2018       
2019       

2020 $66.5 
million unknown unknown    

Uncertainty ±50%      
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Strategy Update Summary Table 
Strategy:   HFC Reduction Strategy 2-2-3, Reducing Direct and Indirect GHG Emissions from 
Stationary Refrigeration and Air Conditioning (RAC) Sources 
Agency:  ARB 
 

Data Elements 2010 2020 
Full Implementation 
Year (if after 2020) 

Strategy Metric Goals     
    
    

Greenhouse Gas Emissions Impacts 
Direct Emissions Reductions 
(MMTCO2E)  

2.3 3.5  

Fossil Energy Impacts (in energy 
units) 

   

Change in electricity consumption 
(GWh)  

-506 -1796  

Cost and Cost Savings 
Capital costs and lifetime $56 million $66.5 million  
Annual operating costs and savings unknown unknown  
Electricity & fuel consumption 
impacts (in energy units) 

   

Other Benefits 
Indirect Emission Reductions 
(MMTCO2E) 

0.3 1.2  

Uncertainty  ±25% for emissions, ±50% for costs 
Comments 
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Climate Action Team 
Climate Strategy Update Documentation 

Strategy:  HFC Reduction Strategy 2-2-4, Add Refrigerant Leak-Tightness 
to the “Pass” Criteria for Vehicular Inspection and Maintenance 
Programs for All Vehicles with Air Conditioning Systems 

Agency:   ARB 
  BAR/DCA 
 
Lead ARB Staff:  Dr. Tao Huai, Ph.D.  
    Dr. Alberto Ayala, Ph.D. 

Strategy Description 

Overview 
The proposed strategy adds a refrigerant leak check to the “pass” criteria for the California 
vehicular inspection and maintenance (I/M) program, SmogCheck, for all vehicles that undergo 
the test. As a result, all vehicles that pass SmogCheck would have mobile air conditioning 
systems (MACS) that are either leak-free or empty and excluded from further use unless the 
leak is repaired. Inspections of MACSs would be conducted by the SmogCheck technician with 
a portable refrigerant “sniffer” that detects HFC leakage. Protocols would be developed for the 
test, including use of equipment and identification of threshold values to establish repair criteria. 
Vehicle owners who choose not to repair a leaky MACS can pass I/M by agreeing to have the 
remaining refrigerant recovered and their MACS rendered inoperable.  

Affected Entities 
Entities affected by the strategy would be the I/M program operators at the SmogCheck 
stations, the owners of all vehicles required to undergo I/M, shops that repair vehicular AC 
systems, the Bureau of Automotive Repair (BAR), and the Department of Consumer Affairs 
(DCA). The I/M operators would have to become certified for AC maintenance, purchase new 
instruments for detection of HFC emissions, and adopt the new protocols for including the new 
test into the SmogCheck procedure. BAR and DCA would be expected to develop a new I/M 
procedure and protocol to accommodate the new HFC leak check.  

Related Objectives 
The strategy is motivated primarily by its greenhouse gas emissions reductions. 

Strategy Metrics 
 The HFC test failure rate (fraction of vehicles that fail the leak criteria) and the inoperable 
“Pass” rate (fraction of HFC leaking vehicles that are committed to not operate the AC anymore) 
shall be monitored to determine progress. These results can be checked against industry 
records for HFC-134a refrigerant retail sale trends for private DIY recharging of MACSs. 
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Strategy Goals and Implementation Approaches 
The goal of this strategy is to reduce the number of leaky MACSs in in-use vehicles at rates 
greater than what is consistent with a well-maintained system. The strategy also mitigates the 
leak-recharge-leak cycle associated with the use of small cans of refrigerant by DIYs. The 
implementation approach includes: 1) selection and verification of one or more reliable and low 
cost HFC leak detectors to be used in the SmogCheck station setting; 2) development of a new 
Refrigerant Leak Check I/M procedure and protocol; 3) training of the SmogCheck technicians 
including achieving appropriate technician A/C repair certification; and 4) mandating the new 
procedure to be used in the statewide SmogCheck program.   

Technology 
There are several hand-held HFC leak detectors on the market. These detectors would need to 
be demonstrated for reliable and accurate determination of leakage in the SmogCheck station 
setting. A pass criterion or threshold leak rate requiring professional AC servicing or system 
disabling needs to be defined rigorously, perhaps as a fraction of the original system charge or 
other appropriate metric. The current commercially available sniffers can measure a 
concentration of refrigerant in a sample volume of some unknown combination of leakage and 
ambient air. Further investigation is needed to define the pass criterion for either a threshold 
concentration or leaking differential.  

The current SAE J1628 Standard [1] requires charging the AC with sufficient refrigerant prior to 
the leak check. This procedure might be not suitable for the implementation of this strategy 
because the leak check would be conducted at Smog Check Stations, which do not have 
equipment for charging AC systems. A new leak check protocol would be necessary. 

Legislative Requirements 
A new I/M procedure/protocol would have to be adopted by BAR or State legislation. 

Implementation Steps and Timeline 
Goals Description Proposed 

Accomplished Date 

1. Select one ore more HFC 
leak detectors 

Conduct a research program to 
establish the technical feasibility and 
potential emission reduction benefits of 
an I&M add-on and the protocols to be 
used for vehicle AC leak-tightness 
inspections, checks, and repairs.   

June 2009 

2. New I/M procedure/protocol Work with BAR, research groups, and 
stakeholders 

June 2009 

3. Mandate the new procedure Pilot program 

Start the full program 

December 2010 

December 2012 

4. Train technicians Work with BAR & DCA December 2012 

 

Timing: 
Projected Start Date:  01/07 
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Interim Milestones: 
Research by staff on relevant technical topics   January, 2007 
Hold discussions with BAR and other interested parties  January, 07 – May, 07 
Research concepts developed to support future policy-making February, 2007 
Pre-proposal/RFP solicitation circulated    June, 2007 
Stakeholder workgroup (regulatory concepts)   June, 07 – April, 08 

Interaction with industry groups begins and continues for  
the life of strategy development process. 

Extramural Research Project       October, 2007 
Submit proposal for extramural research to RSC  
Research project supports strategy development. 
Begin research project     January 1, 2008 
Conclude research project  

Receive draft final data from research contractors March 1, 2009 
Draft final data reviewed and approved by RSC June, 2009 

Begin technical and economic/fiscal impact analyses   June, 2009 
Propose legislation to provide regulatory authority   September, 2009 
Staff report and economic analysis for review  

to Branch Chief      October, 2009 
Staff report and economic analysis for review  

to Division Chief      October, 2009 
Economic/fiscal impact (Form 399) including appropriate  November, 2009 

attachments and Cal/EPA summary due to legal 
Economic/fiscal impact (Form 399) including appropriate   November, 2009 

attachments and Cal/EPA summary due DOF 
Staff report to EO for review      December, 2009 
Public workshop (proposed regulatory language)   January, 2010 

(preceded by district & stakeholder conference calls) 
Acquire regulatory authority64      March, 2010 
Final notice package (notice, staff report (ISOR) with  March, 2010 

references, approved/signed 399) for review, approval  
and signature by EO to legal 

Notice package to OAL for publication     March, 2010 
ISOR and notice to reproduction for mailing    May, 2010 
ISOR and notice public availability     May, 2010 
Board hearing        June, 2010 

                                            
64 Note: this is a very optimistic timeline that is dependent on future legislative schedules.  Remaining 
dates will need to be adjusted as appropriate. 
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Greenhouse Gas Emission Reductions 
Greenhouse Gas Emission Impact 
In 2005, BAR licensed approximately 9,700 Smog Check stations and almost 14,000 Smog 
Check technicians. Approximately 9.2 million Smog Check inspections were conducted at these 
Smog Check stations in 2005 [2]. The average failure rate was 14.6% [3]. A first-order 
approximation of the potential reductions from this strategy is 0.50 MMTCO2E per year by 2010 
and 0.45 MMTCO2E per year by 2020.   
 
Methodology 
Assumptions: 
• The program would begin in 2009. 
• Leakage would be reduced by 50%. 
• The net reduction of leakage would be 18%. This value is developed in HFC-134a as an 

Automotive Refrigerant - Background, Emissions and Effects of Potential Controls, August 
6, 2004 (www.arb.ca.gov/cc/cc.htm) with consideration of the eventual loss of contained 
leakage when vehicles are dismantled and of the inability of maintenance to prevent 
leakage due to accidents and improper repair techniques. 

• All vehicles will use HFC-134a (GWP=1300) in 2010.   
• In 2020, post-2016 MY LDVs and half of all other on-road vehicles will use refrigerants with 

GWP=120.  (This assumes adoption of a limit on the GWP of refrigerant used in new 
vehicles.)  

 
The potential annual reductions are calculated as: 
     Reduction = (net fractional reduction) x 80grams/yearr/vehicle lifetime emissions) x {(fraction 

of vehicles that use HFC-134a + (fraction of vehicles that use GWP=120) x 
(120/1300)} x (on-road pop’n) x (scaling factors & 1300:1 GWP ratio) 

T he parametric values for the equation are: 

 2010 2020 

LDV population. 25.6 million 30 million 

Other vehicle population 1.3 million 1.6 million 

LDVs using no HFC-134a 0 25% 

Others using no HFC-134a 0 50% 
 

Costs and Cost Savings 
Each Smog Check station would have to spend about $200~$300 for each hand-held HFC 
detector. California State would have to pay up to $280 per person to train the Smog Check 
technicians. The total cost would be $2M (Instrument costs) + $4M (Training costs) = $6M.  

Other Benefits 
None identified at this time. 
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Summary Table 
See attached Tables 

References 
[1] SAE J1628, Technician Procedure for Using Electronic Refrigerant Leak Detectors for 
Service of Mobile Air-Conditioning Systems, November 1998. 

[2] California Inspection and Maintenance Review Committee, Review of the Smog Check 
Program, September 29, 2006. http://www.imreview.ca.gov/reports/final_report.pdf  

[3] California Department of Consumer Affairs, Bureau of Automotive Repair, Smog Check 
Advisory, January-March 2006.  http://www.smogcheck.ca.gov/ftp/scapdf/sca0306.pdf  
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Detailed Strategy Goals Table 
Strategy: 2-2-4 -- Add Refrigerant Leak-Tightness to the “Pass” Criteria for Vehicular Inspection 
and Maintenance Programs for All Vehicles with Air Conditioning Systems. 
Agency: Air Resources Board (ARB), Bureau of Automotive Repair (BAR), Department of 
Consumer Affairs (DCA) 
Affected Entities: Smog-check stations, owners of all vehicles required to undergo I/M, shops 
that repair vehicular AC systems, BAR, and DCA. 
 
Implementation Approach 
The HFC Leak Failure Rate: fraction of vehicles that fail the leak criteria.  
The Inoperable “Pass” Rate: fraction of HFC leaking vehicles which are committed to not 
operate the AC anymore.  
Following assumptions were used too generate the metric goals: 

1) The HFC Leak Failure Rate should be similar to the average SmogCheck failure rate 
(14.6%, Reference 3); 
2) When the cars get older, owners will most likely decide to not fix the AC leakage;  
3) Due to the higher reliability and longer manufacture warranty of new AC systems, 
both rates will decline. 
 

Year Strategy Goals as Defined by the Strategy Metrics 
 HFC Leak Failure Rate Inoperable “Pass” Rate 
2008   
2009 10% 30% 
2010 14% 40% 
2011 14% 45% 
2012 14% 50% 
2013 14% 55% 
2014 10% 50% 
2015 10% 40% 
2016 10% 30% 
2017 8% 25% 
2018 8% 10% 
2019 5% 10% 
2020 5% 10% 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy: 2-2-4 -- Add Refrigerant Leak-Tightness to the “Pass” Criteria for Vehicular Inspection 
and Maintenance Programs for All Vehicles with Air Conditioning Systems. 
Agency: Air Resources Board (ARB), Bureau of Automotive Repair (BAR), Department of 
Consumer Affairs (DCA) 
Affected Entities: Smog-check stations, owners of all vehicles required to undergo I/M, shops 
that repair vehicular AC systems, BAR, and DCA. 
 

Implementation Approach:   
 

Year 
Greenhouse Gas Emission Reductions 

HFC (MMTCO2E) 
2008  
2009 0.49 
2010 0.50 
2011 0.51 
2012 0.52 
2013 0.53 
2014 0.54 
2015 0.54 
2016* 0.42 
2017 0.43 
2018 0.43 
2019 0.44 
2020 0.45 
Uncertainty +25% 

   * Measure 2 will be in effect.   
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Detailed Cost Table 
Strategy: 2-2-4 -- Add Refrigerant Leak-Tightness to the “Pass” Criteria for Vehicular Inspection 
and Maintenance Programs for All Vehicles with Air Conditioning Systems. 
Agency: Air Resources Board (ARB), Bureau of Automotive Repair (BAR), Department of 
Consumer Affairs (DCA) 
Affected Entities: Smog-check stations, owners of all vehicles required to undergo I/M, shops 
that repair vehicular AC systems, BAR, and DCA. 
Implementation Approach:   
Lifetime:  

Year 
Cost Estimates (millions of 2006 dollars) 
Capital Costs (Instruments) Training Cost 

2006   
2007   
2008   
2009 $ 0.1 $0.2 
2010 $1.9 $1.8 
2011  $2.0 
2012   
2013   
2014   
2015   
2016   
2017   
2018   
2019   
2020   
Uncertainty +20% +20% 
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Strategy Update Summary Table 
Strategy: 2-2-4 -- Add Refrigerant Leak-Tightness to the “Pass” Criteria for Vehicular Inspection 
and Maintenance Programs for All Vehicles with Air Conditioning Systems. 
Agency: Air Resources Board (ARB), Bureau of Automotive Repair (BAR), Department of 
Consumer Affairs (DCA) 
Affected Entities: Smog-check stations owners of all vehicles required to undergo I/M, shops 
that repair vehicular AC systems, BAR, and DCA. 
Implementation Approach:   

Data Elements 2010 2020 
Full Implementation 
Year (if after 2020) 

Strategy Metric Goals (report for 
each metric) 

   

Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not 
associated with fossil energy 
combustion) 

0.50 0.45  

Cost and Cost Savings 
Capital costs and lifetime $2 million   
Annual operating costs and savings $4 million   
Electricity & fuel consumption 
impacts (in energy units) 

   

Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or 
other factors.  If necessary report ranges and a best estimate.  If ranges are not available, report the 
approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
Comments  
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Climate Action Team 
Climate Strategy Update Documentation 

Strategy:  HFC Reduction Strategy 2-2-5, Enforcement of the Federal Ban 
on Releasing HFCs During Servicing and Dismantling of 
MVACS  

 
Agency:   ARB 
  US EPA 
 
Lead ARB Staff:  Mr. Richard Vincent, P.E. 
    Dr. Alberto Ayala, Ph.D. 

Strategy Description 
 
Overview 
The goal of this strategy is improved compliance with a regulation of USEPA (40 CFR 82.154) 
that prohibits the venting of certain types of refrigerant, including HFCs, to atmosphere when 
equipment is serviced or dismantled. Venting is avoided by recovering refrigerants with special 
equipment before servicing or dismantling. The recovered refrigerant can be re-used by the 
owner or transferred to re-processors approved by USEPA. 
 
The main focus of the proposed strategy would be HFCs in the air-conditioning (AC) systems of 
vehicles that are to be dismantled. The current degree of compliance with 40 CFR 82.154 is 
poorly documented but under review. Per this strategy, better compliance by dismantlers would 
be obtained via a cooperative program that would be created among ARB’s Enforcement 
Division, appropriate offices in the USEPA, and the environmental protection offices of the 
counties. The nature of the program has not been determined yet, pending quantification of the 
avoidable emissions of HFCs. 
 
The USEPA has proposed that the cooperative program include improved regulatory 
enforcement at shops where AC systems are serviced.   
 
Affected Entities 
The strategy would require new dedications of resources by the enforcement staffs of ARB, 
USEPA Region IX, and the county agencies that already enforce other environmental-protection 
laws and regulations at vehicle dismantlers.   
 
The USEPA’s regulation applies to any person who dismantles any vehicle. Thus, in theory, an 
effort to improve compliance with the ban on HFC venting could affect any vehicle dismantler, 
commercial or private, large or small. However, in practice, new pressure to correct dismantling 
practices likely would be applied mostly to intermediate-sized commercial dismantlers, 
especially those that may not now receive enforcement scrutiny. This expected for several 
easons: r
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• The number of sites where vehicles are, or may be, dismantled is in the thousands, which 
renders impossible on-site scrutiny of all operations. (Some very small operations (e.g., 
private dismantling) are probably unknown to authorities.) 

 
• The large corporate dismantlers presumably are so “visible” to the county and federal 

enforcement programs that they likely already meet the federal requirements. However, 
many smaller operations are know to be un-licensed and, thus, are probably un-
scrutinized by governmental enforcement programs for environmental regulations.   

 
• A focus on very small operations could be inefficient and unproductive in terms of the total 

mass of emissions avoided per unit of enforcement resource expended. 
 
Per USEPA’s wish, there would also be a substantial program element directed to AC servicing 
shops. The ARB staff is not knowledgeable about the potential non-compliance with the venting 
ban at these shops. Therefore, we cannot address the particular types of operation (e.g., 
commercial repair shops or fleet maintenance shops) that might receive increased enforcement 
scrutiny in the proposed program. 
 
The companies who are approved by USEPA to receive, re-process, and sell recovered HFCs 
could be beneficiaries of improved compliance at dismantling sites because they would have 
more product to handle. They also might be subject to new reporting requirements that USEPA 
could create to provide a means of assessing improvement in HFC recovery. 
 
Related Objectives 
The strategy is motivated primarily by its greenhouse gas emissions reductions.  However, an 
increased presence of enforcement personnel at dismantling sites could enhance the 
enforcement of the existing laws and regulations of various agencies on the disposition of other 
automotive fluids. 
 
Strategy Metrics 
No clearly usable metric for assessing success of the strategy has been identified. 
 
ARB’s preliminary work has shown a substantial potential for emissions in the residual HFC 
contents of light-duty vehicles that arrive at dismantling sites. However, the current estimate of 
the mass of residual refrigerant is very imprecise. Furthermore, the prevalence of illegal venting 
of this residual content is unknown, although persons knowledgeable about dismantling and 
refrigerant recovery suspect that it is substantial.   
 
The ARB staff is planning work to better estimate both the amount of HFC that is subject to 
recovery per the USEPA regulation and the prevalence of its illegal venting. Once those 
estimates become available, they will yield an estimate of the current baseline emission rate 
(recoverable tons per year). However, it will not be practical to repeat this work regularly in the 
future, so tons-per-year cannot be the metric of any direct measurement of compliance with the 
USEPA’s regulation and the effect of the proposed strategy. 
 
Per the USEPA’s regulation, a dismantler must recover refrigerant with specified equipment 
operated by personnel with specified training, and he or she must keep records of lawful 
disposition of recovered refrigerant. Our understanding from discussions with USEPA staff is 
that there may be substantial non-compliance with these “administrative” requirements 
(although there are no statistics on hand). Many dismantlers may be working unlicensed, or 
otherwise “below the radar screen” for environmental compliance. Therefore, an indirect 
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indicator of success in prompting actual recovery a measure could be the fraction of sites found 
in compliance with the administrative requirements during successive campaigns of site visits.   
 
There are only a small number of companies active in California who are approved to receive 
recovered refrigerants for re-processing. They might be required to report the amounts of HFCs 
received from dismantlers. Changes in the total amounts received over a period would 
correspond to changes in the amounts being recovered. However, since dismantlers can legally 
re-use what they recover (e.g., in salvaged vehicles) or provide it to AC repair shops, the 
amounts of refrigerants collected for re-processing may not equal the total amount being 
recovered.    
 
Strategy Goals and Implementation Approaches 
The ARB staff has initiated discussions with the staffs of USEPA in Washington, DC, and 
Region IX about a cooperative enforcement effort. The response by USEPA regarding the 
principle has been favorable. However, there is not yet any proposed description of the program 
or the roles of the cooperating agencies.   
 
The program would be created via discussions and agreements among the USEPA, ARB 
Enforcement Division, and county agencies that have not yet been determined.  
 
Since there are no firm statistics related to the degree of compliance with the requirements of 40 
CFR 82.154, no quantitative goals can be proposed yet. The ARB staff is planning an 
extramural research project to estimate the annual amount of HFC that is available for recovery, 
and we will work with USEPA to develop estimates of the portion of the available amount that is 
being recovered. Once those statistics have been developed, quantitative goals can be 
proposed. 
 
Technology   
The strategy requires no changes in technology. It could force some vehicle dismantlers to 
purchase refrigerant-recovery equipment that they already are required to have by the federal 
regulations. The same is true for AC servicing shops; however, the fraction of such shops that 
have the requisite equipment may be small.  
 
L
 

egislative Requirements 
No new legislation should be needed. 
 
Implementation Steps and Timeline 
 
By 2010, there should be an agreement for cooperation among the agencies involved, a plan of 
action, and baseline estimates of whatever metrics shall be used to assess performance. The 
plan of action likely would include a protocol for selecting and performing site visits at 
dismantlers to assess compliance and a program to educate dismantlers on their 
responsibilities. If the performance metric will be the total amount of HFCs transferred to re-
processors, the program to collect that data should be operational by 2010.   
 
Greenhouse Gas Emission Reductions 
 
Greenhouse Gas Emission Impact 
Reductions from dismantling operations could be expressed as a baseline emission rate times 
the fraction that is practically recoverable times a goal for fraction of vehicle dismantlers who 
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would be prompted to comply with the federal regulation. None of these values is well known at 
present.   
 
A rough approximation of the potential reductions from dismantling (as presented in the March 
2006 Climate Action Team Report and usable until a better alternative is developed) is 0.1 to 
0.6 MMTCO2E per year in 2010 (assuming the program will be in effect then) and 0.07 to 0.3 
ton MMTCO2E per year in 2020. There is no estimate of potential reductions from better 
enforcement at AC servicing shops. 
 
Methodology 
The derivation of the above values for dismantling follows. Note that emissions measured in 
tons of CO2e will depend entirely on which refrigerant will be used in vehicles dismantled in the 
future, which is highly uncertain for 2020.   
    
Assumptions: 

• Consider only emissions from vehicle dismantling.  

• Current releases average 80 grams per dismantled vehicle.65  

• In 2010, all dismantled vehicles will use HFC-134a (GWP=1300). 

• In 2020, half of all dismantled vehicles will use HFC-134a and half will use GWP=120. 
 
• The number of “other” vehicles dismantled is 10% of the number of LDVs dismantled. 

 
ARB’s inventory estimates that about 1 million LDVs will be dismantled per year in 2010 to 2020 
(based on the number of LDVs that now disappear annually from DMV’s registration rolls). 
 
T
 

he potential annual reductions are calculated as: 

Reduction =  (avg. emissions [=80 g/veh]) x (1.1 million veh/yr) x {F + (1- F) x 120/1300} 
x (scaling factors and 1300:1 GWP ratio) 

 
where F is the fraction of dismantled systems that use HFC-134a [=1 in 
2010 and =.5 in 2020]  

 
Costs and Cost Savings 
 
Some dismantlers may not have compliant hardware for recovering refrigerants. Each such 
dismantler who would be prompted to purchase the equipment would have to spend about 
$5000 per unit. The number of units needed would depend on the size of the operation (vehicle 
throughput). However, this would be an expense that the dismantler has so far avoided only 
through failure to comply with the federal regulation.   
 
The same statements apply to obtaining certification for technicians who use the recovery 
equipment. Training to pass the USEPA’s certification requirements is offered by various 
commercial schools. However, the Mobile Air Conditioning Society offers free training (a 

                                            
 
65  This value is developed in HFC-134a as an Automotive Refrigerant - Background, Emissions and 

Effects of Potential Controls, August 6, 2004 (www.arb.ca.gov/cc/cc.htm). It assumes that the average 
system content among dismantled vehicles is 17% of capacity (highly uncertain) and that half of that is 
now being recovered (highly uncertain). The value for the average system capacity in 2004 is 951 
grams (probably overstates the future value).   
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downloadable pamphlet) and a nominal exam fee, so the necessary expense for operator 
certification should be minimal. 
 
There are costs for storage of recovered refrigerant, record-keeping, and the operators’ labor. 
Again, however, these are expenses already obliged by the federal regulation. 
 
Recovered HFC may have some salvage value, but it is slight.   
 
O
 

ther Benefits 
We envision that much of the field work in a cooperative enforcement program would involve the 
enforcement staffs of the county agencies that already enforce county and State ordinances 
about the disposition of automotive fluids, such as brake fluid, engine oil, coolant, and 
transmission fluid. These agencies could receive a “leveraging” effect for their programs if ARB 
and USEPA resources are made available in a cooperative program for enforcing the federal 
refrigerant-recovery regulation.  
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Transport Refrigeration Units 

2. Agency:  Air Resources Board 
Rod Hill 
916-327-5636 
rhill@arb.ca.gov 

3. Strategy Description 
Overview 
Transport refrigeration units (TRU) are refrigeration systems powered by integral internal 
combustion engines designed to control the environment of temperature sensitive products that 
are transported in trucks, trailers, shipping containers, and railcars.  The proposed strategy 
consists of two alternatives, which if implemented, would be produce additive results. 

Alternative A:  This alternative would prohibit the use of internal-combustion engine-powered 
TRUs on trucks, trailers, shipping containers, and railcars from being used for extended cold 
storage at California distribution centers, grocery stores, and elsewhere.  This practice occurs 
during the 4-to-6 week period before all of the major holidays because distribution center cold 
storage warehouse capacity is exceeded at about 30 percent of the distribution facilities and an 
unknown number of grocery stores (ARB 2006a). 

Alternative B:  This alternative would require that no TRU-equipped truck, trailer, shipping 
container or railcar that is used at a large distribution center for outbound loads would be 
allowed to be powered by an internal combustion engine for more than 30 minutes in a 24-hour 
period. 

These alternatives would cause some distribution centers to increase their cold storage capacity 
or switch to powering some refrigeration systems on trucks, trailers, shipping containers, and 
railcars with alternative strategies.  For example, distribution centers may choose to use 
electrically-driven refrigerated shipping containers, TRUs equipped with electric standby, or 
cryogenic refrigeration systems, and/or use better load scheduling and dispatch procedures. 

Affected Entities 
Alternative A:  This alternative would affect any distribution center, grocery store, or other 
business that uses internal-combustion engine-powered TRUs for extended cold storage.  
There are likely thousands of these entities; but there is no comprehensive database that 
provides an accurate estimate of how many entities would be affected.  The facility size can 
vary from small to “supercenter” grocery stores or distribution centers with a few hundred to half 
a million square feet (sq. ft.) of cold storage area. 
 
Alternative B:  This alternative would affect “large” distribution facilities, which have 20 or more 
loading dock spaces serving refrigerated cold storage areas.  This definition and the applicability 
criteria may need to be adjusted and developed to ensure broad applicability for “large” 
distribution centers.  The average “large” distribution center has about 50 loading spaces 
serving cold storage areas and 220,000 sq. ft. of refrigerated cold storage space.  The largest 
distribution center in California currently has 162 loading dock spaces serving 960,000 sq. ft. of 
refrigerated storage space (ARB 2006a). 
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Related Objectives 
The strategy is motivated by multiple benefits.  In addition to greenhouse gas (GHG) reductions, 
this strategy will reduce diesel particulate matter (PM).  In 1998, diesel PM was identified as a 
toxic air contaminant (TAC).  California law requires control measures to reduce the public’s 
exposure to TACs.  Reductions of diesel PM support the Diesel Risk Reduction Plan.  The TRU 
Airborne Toxic Control Measure (ATCM) was adopted in 2004 to reduce diesel PM emissions 
from in-use TRU engines. 

Strategy Metrics 
Alternative A:  This provision would eliminate TRU engine operation for the purpose of providing 
extended cold storage.  In turn, this would eliminate diesel fuel usage for this purpose. 

Alternative B:  This provision would reduce TRU engine operating time at large facilities and 
therefore reduce diesel fuel use. 

Strategy Goals and Implementation Approaches 
Alternative A:  The goal is to eliminate the use of TRUs powered by internal combustion engines 
for extended cold storage anywhere in California, starting in 2010.  All TRUs that are operated 
in the U.S. and California are powered by diesel engines, so the result of achieving this goal 
would be to eliminate the use of diesel fuel for this use.  Alternative A would reduce diesel fuel 
use by approximately 1.7 million gallons per year, starting in 2010.  Growth in these reductions 
beyond 2010 is not accounted for because there is no known correlation between TRU 
population and use of TRUs for cold storage.  Therefore, the goal for 2020 is the same as the 
goal for 2010 and all years between. 

Alternative B:  The goal is to reduce TRU engine run time by 85 percent at “large” distribution 
centers for outbound loads.  The result of achieving this goal would be to reduce the use of 
diesel fuel at large distribution facilities by 85 percent, or 2.8 million gallons per year, starting in 
2014.  Growth in these reductions beyond 2014 would be related to TRU population growth, 
which is typically about three percent (Shurepower 2005). 

Both of these alternatives could be implemented as control measures with fines and penalties 
issued for infractions. 

These strategy goals are listed in the Detailed Strategy Goals Table. 

4. Technology 
Alternative A:  This alternative would cause a switch from using diesel-powered refrigeration 
systems to using alternative technologies, such as electrically-driven or cryogenic refrigeration 
systems on trucks, trailers, shipping containers, and railcars.  Alternative A may also cause the 
construction of additional cold storage space.  Electrically-driven refrigerated shipping 
containers are currently available, either new or used.  Electric standby (E/S) is the term used to 
describe a TRU that uses a diesel engine for the initial chill-down and on-road refrigeration, but 
is optionally equipped with an electric motor to maintain a temperature set point while at the 
facility.  E/S is a currently available option with new TRU purchases.  Retrofitting a TRU with 
E/S has never been attempted due to high cost.  There have been a few electric motor retrofits 
of trailer TRUs, where the diesel engine is removed and replaced with an electric motor.  These 
electrically-powered refrigerated trailers are then used at a facility for cold storage.  Electric 
power infrastructure would also be required at the facilities where electrically-powered 
refrigeration systems are used.  Electric power infrastructure would include transformer and 
service panel upgrades, electric conduit installations (both above-ground and below-ground), 
plug stations (pedestals, enclosures and switch disconnects) and heavy extension cords.  
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Mechanical interlocks that prevent drive-offs before the extension cord has been disconnected 
have been developed to resolve safety and equipment damage issues. 

Purely cryogenic refrigeration systems that use liquid carbon dioxide are currently available for 
trucks, trailers, shipping containers, and railcars.  Liquid nitrogen cryogenic systems are 
currently used in Europe and are now being introduced in the U.S.  Facility infrastructure (tanks 
and pumping stations) would need to be installed to refill on-board cryogenic storage tanks.  
The companies that are marketing these systems have the necessary technology, but it is more 
costly than other compliance options (ARB 2003). 

Alternative B:  This alternative may cause distribution centers to adopt the more efficient 
operating procedures that are currently used by some distribution centers that claim they 
currently meet a TRU usage limit by using currently available advanced electronic scheduling 
and tracking systems.  If facilities found they could not meet the operating limit by changing 
operating procedures, they may choose to power refrigeration systems on trucks, trailers, 
shipping containers, and railcars with the same alternative strategies described for 
Alternative A. 

Implementation of Alternative B would difficult, if not impossible, without automated monitoring 
and reporting.  Global positioning systems, “geo-fence-line” firmware/software, and 
communication technologies are now available to automate the detection and reporting of 
equipment run-times, but they have not yet been integrated into a system for TRU engine 
run-time limits.  Alternative B would require all TRUs under applicable facility control to be 
equipped with an automated monitoring system to ensure the required reductions are achieved.  
However, some development effort would be necessary.  Tracking and reporting systems 
providers have indicated a relatively short lead time of about a year to bring such a system to 
market.  (ARB 2006b) 

5. Statutory Status 
Alternatives A and B may be implemented using the existing statutory authority provided for 
airborne toxic control measures.  That determination hinges upon whether it can be shown that 
there is sufficient residual public health risk from diesel PM near large distribution centers after 
the TRU ATCM has been fully implemented.  Alternatives A and B may also be implemented 
under the GHG authority provided by AB 32. 

6. Implementation Steps and Timeline 
Alternative A: 

Projected Start Date 2007 

Preliminary Rulemaking Activities 2007 

Formal Rulemaking Activities Spring 2008 

Board Adoption Fall 2008 

Projected Completion Date (OAL approval) Spring 2009 

Compliance Begins January 1, 2010 
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Alternative B: 

Projected Start Date Late 2008 

Preliminary Rulemaking Activities 2009 – 2010 

Formal Rulemaking Activities Spring 2011 

Board Adoption Fall 2011 

Projected Completion Date (OAL approval) Spring 2012 

Compliance Begins January 1, 2014 

 

7. Greenhouse Gas Emission Reductions 
Greenhouse Gas Emission Impact:  Estimates are shown for both Alternatives A and B in the 
attached Detailed Greenhouse Gas Emissions Impacts Tables, in terms of diesel fuel 
consumption reductions and new electric power consumption.  The fuel substitutions for 
Alternative A would occur 24 hours per day in the 4-to-6 weeks prior to each major holiday 
(Easter, Memorial Day, Independence Day, Labor Day, Thanksgiving, and Christmas).  A 
reduced level of this type of activity (a few days to a week) also takes place in advance of the 
minor holidays (e.g. New Years, Valentines Day, Presidents Day, Mothers’ Day, Veterans Day) 
and this would also be around the clock.  Alternative B fuel substitutions would be year-round, 
but peaks occur around summer harvest times (mid-June to mid-September) and holidays (see 
Alternative A) and the hourly effects would be most pronounced at night, between 9:00 p.m. and 
6:00 a.m. 

Methodology:  The TRU ATCM included a requirement for “large” facilities to report to ARB 
about the TRU operations at their facilities in 2005.  This included data related to the use of 
TRUs for cold storage (C.S.) and the amount of TRU engine use at facilities. 

Alternative A:  This alternative can be implemented using electrically-driven refrigerated 
shipping containers or trailers and installing electric power plugs where these units are parked.  
This would result in a fuel substitution (diesel fuel for electrification).  Fuel substitution would still 
occur if large facilities simply built additional cold storage capacity, however the increase in 
electric energy consumption would be significantly less due to much better energy efficiency.  
Buildings are better insulated and the ammonia adsorption refrigeration systems used for cold 
storage buildings are more energy efficient than the mechanical refrigeration systems used on 
TRUs. 

For C.S., the total annual usage is approximately 1.7 million hours , which was estimated by 
extrapolating the C.S. usage at large facilities to all California facilities.  The extrapolation factor 
used was 4.1 to 1, which is the ratio of all TRUs based in California (approximately 30,100) to 
the total number of TRUs known at this time to be under large facility control (approximately 
7,500) (ARB 2003, ARB 2006a).   

Fuel use was estimated using this estimate of TRU engine activity and confidential fuel 
consumption data provided by TRU original equipment manufacturers and TRU engine 
manufacturers.  Fuel consumption data, required as part of new engine certification, was also 
used to supplement this data.   

Load factors are not appropriate for calculating baseline fuel use for C.S.  The units used for 
C.S. are typically older refrigerated trailers have been retired from on-road service.  The engine, 
refrigeration system, insulation, and door seals have deteriorated significantly on these trailers.  
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Staff assumed the energy efficiency is 50 percent less than a new TRU and trailer combination, 
so the engine must run 50 percent harder or longer to maintain a set point.  Staff estimated the 
fuel consumption rate for C.S. operations would be about 1 gallon per hour of engine operation. 

New electric power use estimates assume compliance is achieved by using electrically powered 
TRUs.  TRU manufacturers report that the electric motors used for E/S are typically rated at 
about15 kW.  Staff assumed all 15 kW would be needed to maintain the set point for C.S. 
operations. 

Growth factors for C.S. were not considered since there is no known correlation between TRU 
population and use of TRUs for C.S. 

The uncertainty of the Alternative A estimate for diesel fuel reductions is ±30 percent.  Although 
staff has a reasonable estimate of the number of California-based TRUs, staff has incomplete 
data on how many facilities in California use TRUs for cold storage.  In addition, staff does not 
have a good estimate for the total number of refrigerated facilities in California that have TRUs 
under their control.  Additionally, the number of California-based TRUs would also include an 
unknown number of TRUs that are used for long-haul carrier service that are not under the 
control of distribution facilities where TRUs are used for C.S.  TRU manufacturers have 
indicated that between 40 and 50 percent of trailer TRUs in North America are used for 
long-haul carrier service; California-specific allocations are not known.  The uncertainty for the 
estimates of new electric power needs associated with this alternative is also ±30 percent. 

Alternative B:  This alternative can be implemented by replacing all facility-controlled TRUs with 
new TRUs that are equipped with E/S and installing electric power plugs at the loading docks 
and parking spaces.  This would result in a fuel substitution (diesel fuel for electrification).  
Additionally, operating procedures can be modified so that there is little or no increase in electric 
power consumption. 

The TRU ATCM large facility reports showed the average TRU engine run time at a facility for 
outbound loads is about three hours per load.  Limiting this to 30 minutes would represent an 
85 percent reduction (rounded) in TRU engine run time.  The facility reports also showed the 
total TRU engine run time for outbound loads at large facilities was 2.8 million hours in 2005. 

Growth factors were used for estimates related to Alternative B.  TRU growth rates are typically 
about three percent per year (Shurepower 2005). 

 

New electric power use estimates for Alternative B assume that electrically-powered TRUs are 
used.  TRU manufacturers report that the electric motors used for E/S are typically rated at 
about15 kW. 

The uncertainty of Alternative B estimate is much greater because there are so many possible 
implementation options, and staff cannot determine at this time which options affected facilities 
will choose.  Uncertainty grows with the length of the forecast due to unpredictable growth 
oscillations.  Therefore, staff will use an uncertainty of ±50 percent for new electric power 
usage. 

8. Costs and Cost Savings 
Costs and Cost Savings:  Estimates are shown for both alternatives in the attached Detailed 
Cost Tables 
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Methodology:  Costs and cost savings associated with changes in diesel fuel consumption and 
electric energy are excluded from the dollar estimates of cost and cost savings.  These will be 
combined and evaluated consistently, agency-wide. 

Alternative A:  Capital costs for four possible compliance strategies are discussed below.  These 
estimates were based on the assumption that facilities using engine-driven TRUs for cold 
storage need an average of five percent more cold storage space to avoid this practice.  The 
large facilities that reported this practice had a total of 2.6 million sq. ft. of refrigerated storage 
space (ARB 2006a).  The 4.1 to 1 extrapolation factor used in the GHG emission reduction 
estimates was again used here.  The net result was a need for 520,000 sq. ft. 

If new refrigerated storage space is constructed, the costs of the new space would include 
construction costs and new refrigeration system costs.  A cold storage construction contractor 
indicated construction costs for refrigerated space would vary from $75 to $80 per sq. ft. and 
freezer space would vary from $85 to $95 per sq. ft.  With the ammonia adsorption refrigeration 
system, the cost increases to about $150 per sq. ft.  The cost of land is a significant variable 
that depends on location and would add to this.  One facility estimated the cost of a recent 
100,000 sq. ft. expansion at $26 million or $260 per sq. ft.  Energy costs were not available, but 
staff believes there would be cost savings due to better energy efficiency.  The improvement in 
energy efficiency results from buildings being better insulated and ammonia adsorption 
refrigeration systems being more energy efficient when compared to running diesel 
engine-driven mechanical refrigeration systems.  Additional research would be required to refine 
these cost estimates. 

If electrically-powered refrigerated shipping containers are used to make up the shortage of cold 
storage space, each container has about 284 sq. ft. of usable space, so about 1,850 containers 
would be needed.  New refrigerated shipping containers cost $17,500 each (2006 dollars).  
Shipping containers would not be practical for making deliveries from distribution centers, so the 
total capital cost is applied to C.S. operations.  The capital cost would then be about $32 million.  
The life of a refrigerated shipping container is 15 years.  Used refrigerated shipping containers 
are available for $6,000 to $10,000, but their remaining life is unknown.  Therefore, only the cost 
of new containers was evaluated.  Maintenance costs for refrigerated shipping containers are 
negligible, compared to standard engine-driven TRUs, according to Carrier Transicold.  
Standard diesel engine trailer TRU maintenance costs are about $0.65 per engine hour (2004), 
so at 1.7 million hours per year, the annual cost savings would be $1.1 million per year. 

If trailer TRUs with E/S were used to make up the shortage of cold storage space, each has 
about 400 sq. ft. of usable space, about 1,300 trailers would be needed.  The incremental cost 
of the E/S option averages $2,500 (2004 dollars).  A new trailer, equipped with standard TRU 
costs about $19,500 (2004 dollars).  If this option was chosen, the trailer could be used for 
on-road deliveries as well as C.S. use, so the incremental cost of the E/S and a portion of the 
trailer cost are applied toward C.S. cost.  If the trailer averages 5 percent of its use for C.S., 
then $975 would be the cost apportioned to C.S.  The capital cost for 1300 TRU-equipped 
trailers with the E/S option would then be about $4.5 million.  The life of the E/S would be about 
seven years.  E/S operations cost $0.53 per hour (2004 dollars) for maintenance, compared to 
$0.65 per hour for a diesel-driven TRU.  So at 1.7 million hours per year, the annual cost 
savings would be about $200,000 per year. 

If trailers with hybrid eTRUs were used to make up the shortage of cold storage space, about 
1,300 trailers would be needed, as in the case of the E/S-equipped TRUs.  The incremental cost 
of the hybrid eTRU is about $3,500 (2006 dollars).  As in the E/S case, the apportioned value of 
the trailer to C.S. operations would be $975.  The capital cost for 1300 TRU-equipped trailers 
with the hybrid eTRU would then be $5.8 million.  The life of the E/S would be about seven 
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years.  Hybrid eTRU operations cost $0.40 per hour (2004 dollars) for maintenance, compared 
to $0.65 per hour for a diesel-driven TRU.  So at 1.7 million per year, the annual cost savings 
would be about $430,000 per year. 

Infrastructure costs were estimated by the Sacramento Municipal Utility District (SMUD) to be 
$6,600 per plug (2004 dollars) (SMUD 2004), which includes transformer and service panel 
upgrades, trenching, conduit runs, concrete pad, enclosures, switchgear, cables, etc.  The 
electrically-driven refrigerated shipping container case would require about 1,850 electric power 
plugs, or about $12 million in infrastructure costs  Trailer TRUs equipped with E/S or hybrid 
eTRU would require 1,300 parking area plugs, so infrastructure would cost $8.7 million for these 
cases. 

The total capital cost would range between $13 million and $44 million (2004 dollars) in 2010.  
Operating costs savings would range between $200,000 and $1.1 million per year 
(2004 dollars), not including annual energy savings.  This information is summarized directly 
below. 

 
 Shipping Container Electric Standby Hybrid eTRU 
Number needed 1850 1300 1300
Unit capital costs $17,500 $10,000 $11,000
Life of units 15 yrs 10 yrs 10 yrs
Infrastructure costs $12 million $8.6 million $8.6 million
Life of infrastructure 20 yrs 20 yrs 20 yrs
Capital costs in 2010 (2004 dollars) $44 million $13 million $14 million
    
Annual maintenance savings 
(2004 dollars) 

$1.1 million $200,000 $430,000

Note:  Annual energy savings are not included.  The annual maintenance savings shown in this table may be added to 
energy cost savings calculated by others. 

 

Alternative B:  Some facilities are currently able to meet or come close to meeting a 30-minute 
limit for TRU engine operating time at the facility by using better scheduling practices.  They 
pre-chill, as usual, but turn off the TRU when the trailer is docked.  In preparation for loading, 
workers queue up all of the items to be loaded just inside the dock door and begin loading at the 
time needed to complete loading and dispatch as soon as they finish loading.  Dispatch is timed 
to the required delivery times at the delivery points.  Paperwork must also be completed and a 
driver must be available to enable timely dispatch.  This comes at a cost, but since this system 
grew over time, these facilities don't have a very good estimate of how much it costs to do 
business this way.  Further research is needed to better understand this process and the 
incremental costs associated with these modified procedures.  Since these facilities did not opt 
to electrify, it is likely the costs for electrification are greater than the costs to modify procedures. 

Some facilities may not be able to modifying their procedures and would need to consider 
alternative strategies.  Since distribution centers operate on extremely slim margins, staff 
believes the lowest cost option in the short-term would be chosen.  At this time, it appears the 
choice would be 53-foot trailers with E/S-equipped TRUs.  That would allow electrically-driven 
operation while at the facility and diesel engine-driven operation on the road. 

Large facilities reported a total of about 7,500 TRUs under their control for their 2005 
operations.  The annual growth rate of TRUs averages about three percent.  The incremental 
capital cost of the E/S option is $2,500 (SMUD 2004).  Infrastructure costs were estimated by 
the Sacramento Municipal Utility District to be $6,600 per plug (2004 dollars), which includes 
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transformer and service panel upgrades, trenching, conduit runs, concrete pad, enclosures, 
switchgear, cables, etc.  A monitoring system would most likely be necessary and the average 
installed cost would be $1,600, with monthly operating costs of $30 (2006 dollars).  According to 
the SMUD study, the maintenance cost of operating E/S alone is about $0.12 less per hour than 
operating on diesel power.  Large TRU facilities reported an average of 1,770 hours per year of 
diesel engine TRU operations, with 26 percent of the total annual TRU engine operations 
related to outbound loads (ARB 2006a).  Therefore, each TRU under facility control operated an 
average of 460 hours at the facility per year.  So, annual operating savings due maintenance 
would be $55 per unit.  These savings would be applied to the total number of TRUs under large 
facility control. 

These costs are shown in the Detailed Cost Table for Alternative B, by year, starting in 2014 
and going out to 2020.  Operating cost savings due to reduced fuel use are not included.  
Operating cost savings would be due to maintenance costs being less for purely electric 
operations than current diesel engine operations. 

9. Other Benefits 
Both alternatives would reduce diesel fuel use and thus reduce diesel PM emissions and 
greenhouse gas emissions.  Additional benefits include reduced reliance on foreign oil, and 
creation of jobs.  Improved operating procedures for outbound loads may translate into better 
efficiency for both inbound and outbound loads, which would reduce the time that carriers wait 
to load and unload at facilities (most carriers consider waiting times at loading docks to be a 
significant concern).  (Robinson 2003) 

10. Summary Table 
Estimates are summarized in the attached Strategy Update Summary Table for both 
Alternative A and Alternative B.  The estimates presented in the table are preliminary. 
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Detailed Strategy Goals Table 
Strategy:   Transport Refrigeration Units – Alternative A 
Agency:   Air Resources Board 
Affected Entities:  Distribution centers, grocery stores, and businesses that use TRUs for 
extended cold storage 
Implementation Approach:  Command and control prohibition on use of internal combustion 
engines to power refrigeration systems for extended cold storage.  TRU engine operating hours 
would be eliminated, along with diesel fuel use, as listed below. 

 

Year 

Strategy Goals as Defined by the Strategy Metrics 

Primary Metric 

Other Metrics 
Metric 2 

(as needed) 
Metric 3 

(as needed) 
Metric 4 

(as needed) 
2005     
2006     
2007     
2008     
2009     
2010 1.7 million gal/yr    
2011 1.7 million gal/yr    
2012 1.7 million gal/yr    
2013 1.7 million gal/yr    
2014 1.7 million gal/yr    
2015 1.7 million gal/yr    
2016 1.7 million gal/yr    
2017 1.7 million gal/yr    
2018 1.7 million gal/yr    
2019 1.7 million gal/yr    
2020 1.7 million gal/yr    
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Detailed Strategy Goals Table 
Strategy:   Transport Refrigeration Units – Alternative B 
Agency:   Air Resources Board 
Affected Entities:  Large distribution centers (20 or more loading spaces serving cold storage 
areas) 
Implementation Approach:  Command and control limitation:  No TRU-equipped truck, trailer, 
shipping container or railcar that is used at a large distribution center for outbound loads would 
be allowed to be powered by an internal combustion engine for more than 30 minutes in a 24-
hour period.  This results in fuel substitution (diesel fuel use reductions and electric power use 
increases). 

Year 

Strategy Goals as Defined by the Strategy Metrics 

Primary Metric 

Other Metrics 
Metric 2 

(as needed) 
Metric 3 

(as needed) 
Metric 4 

(as needed) 
2005     
2006     
2007     
2008     
2009     
2010     
2011     
2012     
2013     
2014 3.4 million gal/yr    
2015 3.5 million gal/yr    
2016 3.7 million gal/yr    
2017 3.8 million gal/yr    
2018 4 million gal/yr    
2019 4.1 million gal/yr    
2020 4.3 million gal/yr    
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Transport Refrigeration Units – Alternative A 
Agency:   Air Resources Board 
Affected Entities:  Distribution centers, grocery stores, and businesses that use TRUs for 
extended cold storage 
Implementation Approach:  Command and control prohibition on use of internal combustion 
engines to power refrigeration systems for extended cold storage.  TRU engine operating hours 
would be eliminated, along with diesel fuel use, as listed below.  Fuel substitution could occur, 
since the currently available cost information indicates E/S may be the most cost-effective 
compliance option. 

 

Year 

Greenhouse Gas Emission Reductions 
Emission Reduction Impacts in Energy Units 

CO2 Gas 2 Gas 3 
Diesel Fuel Use 

Reductions (gal/yr) 
Electric Power Use 
Increase (GWh/yr) 

2005      
2006      
2007      
2008      
2009      
2010    1.7 million 26 
2011    1.7 million 26 
2012    1.7 million 26 
2013    1.7 million 26 
2014    1.7 million 26 
2015    1.7 million 26 
2016    1.7 million 26 
2017    1.7 million 26 
2018    1.7 million 26 
2019    1.7 million 26 
2020    1.7 million 26 

Uncertainty4    ±30% ±30% 
Seasonal and hourly effects:  Fuel substitution would occur 24 hours per day in the 4 to 6 weeks prior to 

each major holiday.  Easter, Memorial Day, Independence Day, Labor Day, Thanksgiving, and 
Christmas are considered major holidays.  A reduced level of this type of activity (a few days to a 
week) also takes place in advance of the minor holidays (e.g. New Years, Valentines Day, Presidents 
Day, Mothers’ Day, Fathers’ Day, Veterans Day). 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Transport Refrigeration Units – Alternative B 
Agency:   Air Resources Board 
Affected Entities:  Large distribution centers (20 or more loading spaces serving cold storage 
areas) 
Implementation Approach:  Command and control limitation:  No TRU-equipped truck, trailer, 
shipping container or railcar that is used at a large distribution center for outbound loads would 
be allowed to be powered by an internal combustion engine for more than 30 minutes in a 24-
hour period. 

 

Year 

Greenhouse Gas Emission Reductions 
Emission Reduction Impacts in Energy Units 

CO2 Gas 2 Gas 3 
Diesel Fuel Use 

Reductions (gal/yr) 
Electric Power Use 
Increase (GWh/yr) 

2005      
2006      
2007      
2008      
2009      
2010      
2011      
2012      
2013      
2014    3.4 million 51 
2015    3.5 million 53 
2016    3.7 million 55 
2017    3.8 million 57 
2018    4 million 59 
2019    4.1 million 62 
2020    4.3 million 64 

Uncertainty4    ±50 Percent ±50 Percent 
Seasonal and hourly effects:  Fuel substitution would be year-round, but peaks occur around summer 

harvest times (mid-June to mid-September) and holidays (see Provision A) and the hourly effects 
would be most pronounced at night, between 10:00 p.m. 6:00 a.m. 
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Detailed Cost Table 
Strategy:   Transport Refrigeration Units – Alternative A 
Agency:   Air Resources Board 
Affected Entities:  Distribution centers, grocery stores, and businesses that use TRUs for 
extended cold storage 
Implementation Approach:  Command and control prohibition on use of internal combustion 
engines to power refrigeration systems for extended cold storage.  TRU engine operating hours 
would be eliminated, along with diesel fuel use, as listed below.  Fuel substitution could occur, 
since the currently available cost information indicates E/S may be the most cost-effective 
compliance option. 

Lifetime:  The life of a refrigerated trailer equipped with electric standby is 10 years ($32 
million).   The life of the electric power plug infrastructure is 20 years ($12 million). [Update 
these at end] 

Year 

Cost Estimates 

Capital 
Costs 

Operating 
Costs 

Cost 
Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Diesel Electricity 
2005      
2006      
2007      
2008      
2009      
2010 $44 million No change Unknown -1.7 million gal +26 GWh 
2011    -1.7 million gal +26 GWh 
2012    -1.7 million gal +26 GWh 
2013    -1.7 million gal +26 GWh 
2014    -1.7 million gal +26 GWh 
2015    -1.7 million gal +26 GWh 
2016    -1.7 million gal +26 GWh 
2017    -1.7 million gal +26 GWh 
2018    -1.7 million gal +26 GWh 
2019    -1.7 million gal +26 GWh 
2020    -1.7 million gal +26 GWh 

Uncertainty5    ±50 Percent ±50 Percent 
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Detailed Cost Table 
Strategy:   Transport Refrigeration Units – Alternative B 
Agency:   Air Resources Board 
Affected Entities:  Large distribution centers (20 or more loading spaces serving cold storage 
areas) 
Implementation Approach:  Command and control limitation:  No TRU-equipped truck, trailer, 
shipping container or railcar that is used at a large distribution center for outbound loads would 
be allowed to be powered by an internal combustion engine for more than 30 minutes in a 24-
hour period. 

Lifetime:  The life of electric standby and compliance assurance system is 7 years (38.3% of 
capital costs.   The life of the electric power plug infrastructure is 20 years (61.7%). 

Year 

Cost Estimates 

Capital Costs 
Operating 

Costs 
Cost 

Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Diesel 
Reductions 

(gal/yr) 
Electric Power 
Increase (GWh) 

2005      
2006      
2007      
2008      
2009      
2010      
2011      
2012      
2013      
2014 $105 million $290,000 $540,000 3.4 million 51 
2015 $3.1 million $300,000 $560,000 3.5 million 53 
2016 $3.2 million $310,000 $570,000 3.4 million 55 
2017 $3.3 million $320,000 $590,000 3.8 million 57 
2018 $3.4 million $330,000 $610,000 4.0 million 59 
2019 $3.4 million $340,000 $630,000 4.1 million 62 
2020 $3.6 million $350,000 $650,000 4.3 million 64 

Uncertainty
5    ±75 Percent ±75 Percent 
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Strategy Update Summary Table 
Strategy:   Transport Refrigeration Units – Alternative A 
Agency:   Air Resources Board 
Affected Entities:  Distribution centers, grocery stores, and businesses that use TRUs for extended cold storage 
Implementation Approach:  Prohibit the use of internal combustion engines to power refrigeration systems for extended cold 
storage.  TRU engine operating hours would be eliminated, along with diesel fuel use, as listed below.  Fuel substitution could occur, 
since the currently available cost information indicates E/S may be the most cost-effective compliance option. 

Data Elements 2010 2020 
Strategy Metric Goals (report for each metric) -1.7 million gal/yr diesel -1.7 million gal/yr diesel 
Greenhouse Gas Emissions Impacts   

MMT CO2e (emissions impact not associated with fossil energy combustion)   
Fossil Energy Impacts (in energy units) 

Change in electricity consumption (GWh) [by season and time of day if possible] +26 GWh/yr +26 GWh/yr 
Substitution of non-fossil electricity production (GWh) [by season and time of 
day if possible] 

  

Change in transportation fossil fuel consumption (by fuel type)   
Change in stationary fossil fuel consumption (by fuel type) -1.7 million gal/yr diesel -1.7 million gal/yr diesel 

Cost and Cost Savings 
Capital costs and lifetime $44 million 

7 yr life for $32 million 
20 yr life for $12 million 

 

Annual operating costs and savings Unknown  
Electricity & fuel consumption impacts (in energy units) -1.7 million gal/yr diesel 

+26 GWh/yr electricity 
-1.7 million gal/yr diesel 
+26 GWh/yr electricity 

Other Benefits 
List other benefits that can be quantified   

Uncertainty ±50 Percent ±75 Percent 
Comments 
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Strategy Update Summary Table 
Strategy:   Transport Refrigeration Units – Alternative B 
Agency:   Air Resources Board 
Affected Entities:  Large distribution centers (20 or more loading spaces serving cold storage areas) 
Implementation Approach:  No TRU-equipped truck, trailer, shipping container or railcar that is used at a large distribution center 
for outbound loads would be allowed to be powered by an internal combustion engine for more than 30 minutes in a 24-hour period. 

Data Elements 2010 2020 
Strategy Metric Goals (report for each metric) N/A 4.3 million gal/yr 
Greenhouse Gas Emissions Impacts   

MMT CO2e (emissions impact not associated with fossil energy combustion)   
Fossil Energy Impacts (in energy units) 

Change in electricity consumption (GWh) [by season and time of day if possible] N/A 64 GWh 
Substitution of non-fossil electricity production (GWh) [by season and time of 
day if possible] 

  

Change in transportation fossil fuel consumption (by fuel type)   
Change in stationary fossil fuel consumption (by fuel type) N/A -4.3 million gal/yr diesel 

Cost and Cost Savings 
Capital costs and lifetime N/A $3.6 million 

Life is 7 years for 38.3% 
Life is 20 years for 61.7% 

Annual operating costs and savings N/A Net $300,000 savings 
Electricity & fuel consumption impacts (in energy units) N/A -4.3 million gal/yr diesel 

64 GWh new electric power 
Other Benefits 

List other benefits that can be quantified   
Uncertainty N/A ±85 Percent 
Comments:  Implementation begins in 2014, which is when costs, savings, and reductions begin.  This table not reflective of costs between 2014 
and 2020. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Shore Electrification 

2. Agency:  Air Resources Board 
Mike Waugh 

3. Strategy Description 
Overview 
When ocean-going vessels (ships) dock—called “hotelling”—they run onboard auxiliary 
engines to provide their own electrical needs to power lights, electronics, pumps, cranes, 
etc.  The Shore Electrification Strategy will require a majority of ships visiting California ports 
to plug into shoreside electrical outlets and to shut down the auxiliary engines.  Some 
emissions will be associated with the generation of electricity; however, these emissions are 
small compared to running the auxiliary engines. 

Affected Entities 
The Shoreside Electrification strategy will affect several California ports, terminal operators, 
utility companies, shipping companies (carriers), and dockside labor.  The ports and the 
utility companies will need to provide the necessary shore infrastructure for electrification, 
the utility companies will have to provide sufficient power; the terminal operators and 
shippers will be required to utilize shore electrification; and the shippers themselves will 
have to retrofit or replace their ships to receive shoreside power. 

Related Objectives 
The strategy is motivated primarily by non-greenhouse gas benefits.  In this case, 
greenhouse gas emission reductions are being realized from actions that are motivated 
primarily for other benefits.  For example, the Shoreside Electrification strategy is being 
implemented as a result of the Goods Movement Emission Reduction Plan (GMERP), 
approved by the Board in April 2006, wherein a variety of proposed emissions reductions 
strategies for goods movement in the State were outlined, including shore electrification of 
ships.  The primary pollutants of concern in the GMERP are oxides of nitrogen (NOx) and 
diesel particulate matter (diesel PM). 

Strategy Metrics 
There are two possible metrics to describe the size, progress, and timing of the Shore 
Electrification strategy: 

• Percentage of total ship visits:  The GMERP lists the shore-electrification goals as a 
percentage of ship visits to California ports.  These goals are: 20 percent of California 
ship visits to use shore electrification by 2010, 40 percent by 2015, and 80 percent by 
2020. 

• Percentage reduction in pollutants:  Another, more common, metric is the percent 
reduction of pollutants from some baseline level, say the year 2000.  The emissions are 
directly proportional to the amount of power needed during hotelling.  By tracking the 
electrical usage at the individual wharfs, one can estimate the reduction in pollutants 
associated with the auxiliary engines. 
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Strategy Goals and Implementation Approaches 
As mentioned above, the goals established in the GMERP for shore electrification are:             
20 percent of California ship visits to use shore electrification by 2010, 60 percent by 2015, 
and 80 percent by 2020. 

ARB staff is currently developing a Shore Electrification regulation to mandate the use of 
shore electrification in California for most ship visits.  To the extent possible, staff will craft 
the regulation to meet the goals of the GMERP. 

4. Technology 
Shore electrification is not a new technology.  The U.S. Navy has been using it for decades; 
Princess Cruise Lines uses it in Juneau, Alaska and Seattle, Washington; and China Shipping 
uses shore electrification at the Port of Los Angeles. 

The challenges of shore electrification are the availability of electricity, the standardization of 
electrical hookups, and sufficient visits to electrified berths by retrofitted ships to make the 
emissions reductions cost-effective. 

5. Statutory Status 
The Air Resources Board has the statutory authority to require the reduction of air pollutants at 
California ports.  No additional statutory authority is required. 

6. Implementation Steps and Timeline 
ARB staff estimates that it will bring to its Board a proposed Shore Electrification regulation in 
November 2007 for its consideration to adopt.  As mentioned above, staff will work with 
stakeholders to develop a regulation that, to the largest extent possible, will meet the shore-
electrification goals outlined in the GMERP. 

Meanwhile, the Port of Los Angeles (POLA) and the Port of Long Beach (POLB) have adopted 
a San Pedro Ports Clean Air Action Plan that will provide shore electrification at several of their 
berths by 2011.  This commitment will go a long way in satisfying the GMERP 2010 goal of     
20 percent of all California ship visits utilizing shore electrification. 

7. Greenhouse Gas Emission Reductions 
The Shore Electrification strategy will transfer ships’ hotelling electricity demands from on-board 
internal combustion engines to grid power, which comes from a variety of sources: gas-fired 
central power plants, hydroelectric facilities, wind turbines, solar photovoltaic facilities, etc. 

The most attractive ship categories for shore electrification are container ships, passenger 
ships, and refrigerated cargo ships (reefers).  Of these, the activity of container ships and 
passenger ships is expected to nearly triple in California ports by 2020.  Therefore, the 
estimated emissions reductions of greenhouse gases and criteria pollutants must take into 
account this projected growth.  For example, the graph below illustrates the estimated NOx 
reductions from shore electrification (also called “cold-ironing”) despite the growth in ship 
activity: 
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NOx Reductions From Cold-Ironing
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(Source:  Draft “Evaluation of Cold-Ironing Ocean-Going Vessels at California Ports,” Air Resources Board, March 6, 
2006) 

Estimated greenhouse gas emission reductions can be found in the Detailed Greenhouse Gas 
Emissions Impacts Table on page 8.  They are based on the reductions achieved by shutting 
off the auxiliary engines on the ships while hotelling, while taking into account the additional 
emissions associated with grid power and future growth in ship activity, and meeting the goals 
outlined in the GMERP. 

8. Costs and Cost Savings 
The estimated capital costs of the Shore Electrification Strategy are associated with 
constructing the necessary electrical infrastructure at the ports and on the ships.  The 
infrastructure includes electrical lines and cables, transformers, connectors, switchgear, and 
controls.  To achieve the 2020 goal of 80 percent of total California ship calls utilizing shore 
electrification, ARB estimates that the capital costs will be $580 million, of which $370 million 
will be required to retrofit the ships and $210 million will be spent at the ports. 

Annual operating costs include electrical costs for shore electrification and labor costs to 
connect and disconnect the cables.  Staff assumed maintenance costs for shore electrification 
were similar to maintenance costs for running the auxiliary engines aboard the ships.  Staff 
estimated the annual cost for electricity will be $10 million, $41 million, and $74 million for 2010, 
2015, and 2020, respectfully.  Labor costs would be $3 million, $12 million, and $19 million for 
those years. 

9. Other Benefits 
The Shore Electrification Strategy is designed to reduce NOx and PM, with the GHG reductions 
an additional benefit.  In the draft Evaluation of Cold-Ironing Ocean-Going Vessels at California 
Ports (March 2006), ARB staff estimated the potential emissions reductions as follows: 
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10. Summary Table 
Please see the Strategy Update Summary Table below. 
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Strategy Update Summary Table 

Strategy:   Shore Electrification 
Agency:   Air Resources Board 
Affected Entities:  California ports, terminal operators, utility companies, shipping companies, 
and dockside labor 
Implementation Approach:  Regulation 

Data Elements 2010 2020 

Full 
Implementation 

Year (if after 
2020) 

Strategy Metric Goals:  % of ship 
visits 

20 percent 80 percent  

Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not 
associated with fossil energy 
combustion) 

0.2 (cumulative) 3.2 (cumulative)  

Cost and Cost Savings 
Capital costs and lifetime $260 million 

20 years 
2015 - $215 million 
2020 - $105 million 

both 20 years 

 

Annual operating costs and savings $13 million/$4 
million 

2015 - $53 
million/$23 million 

2020 - $93 
million/$49 million 

 

Other Benefits 
See table in Section 9.    

Uncertainty  ±40% 

11. References 
Draft Evaluation of Cold-Ironing Ocean-Going Vessels at California Ports (ARB, March 
2006) 
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Detailed Strategy Goals Table 

12. Strategy:   Shore Electrification 
Agency:   Air Resources Board 
Affected Entities:  California ports, terminal operators, utility companies, shipping 
companies, and dockside labor 
Implementation Approach:  Regulation 

 

Year 
Primary Metric: 

% of All Ship Visits 
2005  
2006  
2007  
2008  
2009  
2010 20% 
2011  
2012  
2013  
2014  
2015  
2016  
2017  
2018  
2019  
2020 80% 
Full 

Implementation 
Year 
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Detailed Greenhouse Gas Emissions Impacts Table 

Strategy:   Shore Electrification 
Agency:   Air Resources Board 
Affected Entities:  California ports, terminal operators, utility companies, shipping companies, 
and dockside labor 
Implementation Approach:  Regulation 

 

Year 
Emission Reductions 

(MMT CO2e) 
2005  
2006 0.002 
2007 0.02 
2008 0.04 
2009 0.06 
2010 0.08 
2011 0.1 
2012 0.2 
2013 0.2 
2014 0.2 
2015 0.3 
2016 0.3 
2017 0.4 
2018 0.4 
2019 0.4 
2020 0.5 
Full 

Implementation 
Year 

2020 

Uncertainty4
 ± 40% 

 

Attachment B   Page  93



For Public Review and Comment 

Mike Waugh, ARB August 24, 2007 Page 8 

Detailed Cost Table 

Strategy:   Shore Electrification 
Agency:   Air Resources Board 
Affected Entities:  California ports, terminal operators, utility companies, shipping companies, 
and dockside labor 
Implementation Approach:  Regulation 

Lifetime:  20 years 

 

Year 

Cost Estimates 
(Millions of 2006 dollars) 

Capital 
Costs 

Operating 
Costs 

Cost 
Savings 

2005    
2006    
2007    
2008    
2009    
2010 $260 $13 $ 4 
2011    
2012    
2013    
2014    
2015 $215 $53 $ 23 
2016    
2017    
2018    
2019    
2020 $105 $93 $49 
Full 

Implementation 
Year 

2020   

Uncertainty5
 ± 40% ± 40% ± 40% 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  PFC Emission Reduction for Semiconductor Manufacturers 

2. Agency:  California Air Resources Board 
Staff Contacts:  Terrel Ferreira 
    Dale Trenschel 

3. Strategy Description 

Overview 
The semiconductor industry uses a variety of high global warming potential (GWP) gases in 
their manufacturing process.  Current semiconductor manufacturing processes require the use 
of high GWP fluorinated compounds including perfluorocarbons (e.g., CF4, C2F6, C3F8), 
trifluoromethane (CHF3), nitrogen trifluoride (NF3), and sulfur hexafluoride (SF6), collectively 
termed perfluorocompounds (PFCs).  PFCs are unsurpassed in their process performance and 
vital to etching intricate circuitry features on silicon wafers and for cleaning chemical vapor 
deposition (CVD) tool chambers. The continued availability and use of these chemicals is 
considered critical to the future success of the semiconductor industry. PFC use is expected to 
increase as the semiconductor industry grows and produces faster and more complex devices 
(U.S. EPA, 2006). 

The semiconductor industry has investigated solutions to PFC reduction in four main areas: 
 

1. process optimization,  
2. alternative chemicals,  
3. capture and beneficial reuse, and 
4. destruction technologies. 

 

Affected Entities 
The PFC Emission Reduction for Semiconductor Manufacturers strategy will affect 
semiconductor manufacturers, and indirectly affect their customers.  There are approximately 
257 semiconductor manufacturing facilities, or fabs, in North America, of which 77 are located in 
California.  The California based semiconductor manufacturers have about 12% of the total 
manufacturing capacity for North America (Semi, 2006). 

Related Objectives 
The strategy is motivated primarily by its greenhouse gas emissions reductions.  The ability to 
reduce greenhouse gas emissions is the primary reason for implementing the strategy.  While 
non-greenhouse gas benefits may be realized, the primary motivation is to reduce greenhouse 
gas emissions.   

Strategy Metrics 
The strategy to reduce PFC emissions from semiconductor manufacturers in California will 
follow the outline set forth in the Memorandum of Understanding (MOU) between U.S. EPA and 
the Semiconductor Industry Association (SIA), a coalition of 23 semiconductor manufacturers.  
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PFC is a generic term which describes a group of high global warming potential (GWP) gases.  
To compare the impact of different gases to that of carbon dioxide, the GWP is converted to 
million metric tons of carbon dioxide equivalents (MMTCO2E).  The MOU sets a goal of keeping 
PFC emissions from semiconductor manufacturers 10% below the 1995 baseline.  This same 
goal has been set by the World Semiconductor Council.  In California, this goal translates to 
keeping PFC emissions at or below 0.63 MMTCO2E.  Therefore, the strategy metric is reaching 
0.63 MMTCO2E emissions (CEC, 2006).  Any strategy developed could be implemented in 
2010. 

The voluntary program between U.S. EPA and SIA is ongoing, and would need no action for it 
to continue.  In California, three manufacturers are a part of the MOU, and represent 16% of the 
total production capacity in the state.  Many semiconductor manufacturing facilities in California 
are small and used for research instead of mass production.  Requiring controls on these 
facilities would yield little emission benefit at a substantial cost to industry, and most small fabs 
are not expected to experience significant growth in the future.  A mandatory program in 
California would require MOU and non-MOU manufacturers with a production capacity over 
10,000 8 inch wafers per month to meet the emission goals of the MOU.  Of existing facilities in 
California capable of manufacturing over 10,000 8 inch wafers per month, 27% of the capacity is 
from manufacturers participating in the MOU. 

Strategy Goals and Implementation Approaches 
The strategy to reduce PFC emissions from semiconductor manufacturers can be implemented 
in 2010.  By requiring manufacturers to keep emissions at 10% below the 1995 baseline 
(following the emission reduction targets in the MOU between U.S. EPA and SIA, and the World 
Semiconductor Council target), this would translate to emission reductions in California of .53 
MMTCO2E in 2010.  See Detailed Strategy Goals table. 

It is expected that semiconductor manufacturers will use a combination of approaches to meet 
this emission reduction target.  Process optimization and alternative chemicals are expected to 
be used by the entire industry.  Larger manufacturers may elect to use capture and reuse or 
destruction devices to reduce emissions.  Using a combination of these approaches, it is 
estimated that the emission reductions in California will stay at .53 MMTCO2E through 2020. 

The voluntary approach between the semiconductor industry and U.S. EPA is ongoing, and 
would require no action for it to continue.  Any strategy to make the goals in the MOU between 
U.S. EPA and SIA mandatory for manufacturers in California could be adopted in 2009. 

4. Technology 
There are four general approaches that can decrease PFC emissions from semiconductor 
manufacturers.  These are: 

1. process optimization,  
2. alternative chemicals,  
3. capture and beneficial reuse, and 
4. destruction technologies. 

 
As the industry develops better and more efficient ways to manufacture semiconductors, it is 
expected that improved production techniques will result in reduced emissions through process 
optimization.  Process optimization primarily focuses on the CVD chamber cleaning process. 

Alternative chemistry, or chemical substitution, is the use of chemicals with lower or no GWP as 
an alternative to PFCs during the CVD cleaning process.  Alternative chemistry also includes 
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high GWP gases that are more efficiently used in plasma processes, thereby reducing overall 
greenhouse gas emissions. 

Capture and beneficial reuse technologies involve installing a device that recovers and recycles 
PFC gases.  These devices are expensive, and require energy and regular maintenance to 
operate. This is a building wide solution that would reduce emissions from all manufacturing 
processes. 

Destruction technologies involve a device that thermally destroys PFC gases.  These devices 
are very expensive, and require a large amount of energy to use.   This technology can be 
applied to both etch and CVD chamber processes. 

5. Statutory Status 
Prior to AB 32, this strategy would have been a suggested control measure for local air districts 
to adopt.  With the passage of AB 32, the strategy can now be implemented with ARB authority. 

6. Implementation Steps and Timeline 
1 - Research the industry, working with U.S. EPA – 2007 

2 - Conduct survey of fabs to better estimate emissions and explore control options – 2007 

3 - Begin public rule development process – 2008 

4 - Adopt regulation - 2009 

7. Greenhouse Gas Emission Reductions 
Greenhouse Gas Emission Impact 

The estimated emission reductions from this strategy are as follows: 

2010 – .53 MMTCO2E +75% 

2015 – .53 MMTCO2E +75% 

2020 – .53 MMTCO2E +75% 

See Detailed Greenhouse Gas Emissions Impacts Table.   

Methodology:  The 2010 emission estimate was determined by taking the 2004 California 
emissions from the California Greenhouse Gas Emissions and Sink Summary (CEC, 2006) and 
growing that value in proportion to the projected emissions from the semiconductor industry to 
2010 (EPA, 2006B).  Several different sources have different estimates of emissions from 
semiconductor manufacturers.  The 2004 estimate from the California Energy Commission was 
used because it is specific to California.  Although compared with the estimate in 2004 from 
U.S. EPA it represents 25% of the U.S. emissions, the U.S. EPA projections are only used to 
grow the 2004 value from the California Energy Commission to a value in 2010.  Since most 
semiconductor manufacturers in California are small, it was assumed that only the fabs with a 
manufacturing capacity of over 10,000 8 inch wafers per month would experience significant 
growth in the future.  These facilities account for 49.3% of the overall manufacturing capacity in 
California (Semi, 2006), and it was assumed that the rest of the manufacturers would 
experience little or no growth in the future.  This calculation is summarized below. 

• 2004 Emissions from Semiconductor manufacturers in California = 0.6 MMTCO2E (CEC, 
2006) 
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• Total U.S. Emissions from Semiconductor manufacturers in 2004 = 2.4 MMTCO2E (EPA, 
2006B) 

• Total U.S. Emissions from Semiconductor manufacturers in 2010 = 8.5 MMTCO2E (EPA, 
2006B) 

• It is assumed that the percentage of U.S. emissions occurring in California will be the same 
in 2010 as it was in 2004, therefore: 

• 0.6 MMTCO2E (2004 CA emissions)/2.4 MMTCO2E (2004 U.S. emissions) = 2010 CA 
emissions/8.5 MMTCO2E (2010 U.S. emissions) 

• 2010 CA emissions = 2.125 MMTCO2E 

• Estimated CA emissions growth between 2004 and 2010 = 2.125 MMTCO2E (2010 
emissions) – 0.6 MMTCO2E (2004 emissions) = 1.525 MMTCO2E 

• Since most manufacturers in California are small and are used for research, it is assumed 
that manufacturers with a capacity under 10,000 8 inch wafers per month would not 
experience the growth. 

• Percentage of CA semiconductor manufacturers with a capacity of over 10,000 8 inch 
wafers per month = 49.3% (Semi, 2006) 

• Actual CA emissions growth between 2004 and 2010 = estimated CA emissions growth X 
percentage of facilities with a capacity of over 10,000 8 inch wafers per month 

• Actual CA emissions growth between 2004 and 2010 = 1.525 MMTCO2E X 49.3% = .75 
MMTCO2E 

• Total emissions in 2010 = Actual CA emissions growth between 2004 and 2010 + CA 
emissions in 2004 

• Total emissions in 2010 = .75 MMTCO2E + 0.6 MMTCO2E = 1.35 MMTCO2E 

• 1995 Emissions from Semiconductor manufacturers in California = .7 MMTCO2E (CEC, 
2006) 

• Emission target in MOU = 1995 Emissions from Semiconductor manufacturers in California 
X .9 

• Emission target in MOU = 0.63 MMTCO2E 

Therefore, 

• Total emission reduction in 2010 = Total emissions in 2010 – Emission target in MOU 

• Total emission reduction in 2010 = 1.35 MMTCO2E – 0.63 MMTCO2E = 0.72 MMTCO2E 

Since 27% of the manufacturing capacity in California of fabs with over 10,000 8 inch wafers per 
month is by manufacturers participating in the MOU (Semi, 2006), it is assumed that they would 
meet these reductions in 2010 without a mandatory strategy in California. 

• Emission reduction in 2010 due to a mandatory strategy = 0.72 MMTCO2E X 73% 

• Emission reduction in 2010 due to a mandatory strategy = 0.53 MMTCO2E 

Projections of growth in this industry between 2010 and 2020 vary.  Depending on the 
reference, emissions are projected to increase (U.S. EPA, 2006C) or decrease between 2010 
and 2020 (U.S. EPA, 2006D).  While there are many small facilities that are used for research 
and development in California, much of the mass production of semiconductors occurs 
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overseas.  For the purposes of this report, it was assumed that the emissions from major 
manufacturers will grow until 2010 and will remain constant between 2010 and 2020.   

8. Costs and Cost Savings 
In this section, the costs associated with the different approaches to PFC emission reductions 
from semiconductor manufacturers are presented.  It is expected that manufacturers would use 
a combination of the approaches below that include process optimization, alternative chemistry, 
and either capture/recovery devices or thermal destruction devices.  All figures are in 2001 
dollars. 

Process optimization is an ongoing part of research and development for semiconductor 
manufacturers, and would be completed by internal company resources or by contract.  
Although refining the manufacturing process will have a significant impact on future emissions, 
no data were found on the cost, and estimating the cost is beyond the scope of this report. 

Alternative chemistry, or chemical substitution, is the use of chemicals with lower or no GWP as 
alternatives to PFCs.  This technology would have no cost or very low cost to implement 
because the cost of the alternative gases would be about the same as PFC gases, and is not 
evaluated in this report (ISMI, 2005). 

The capture/recovery devices are estimated to cost California businesses 12.6 million dollars 
per year +50%, which includes capital, operating and maintenance costs (U.S. EPA, 2001).  
The U.S. EPA report which describes this technology does not separate the capital costs from 
the operating and maintenance and energy costs.  This assumes that each of the 7 facilities in 
California with a production capacity of over 10,000 8 inch wafers per month that are not already 
part of the MOU installs this device.  No electrical consumption information was obtained for 
these devices. 

The destruction strategy, which includes installing a thermal destruction device, is estimated to 
cost California businesses 33.8 million dollars per year +50%, which includes capital, operating 
and maintenance costs (U.S. EPA, 2001).  The U.S. EPA report which describes this technology 
does not separate the capital costs from the operating and maintenance and energy costs.  
Although there are 7 facilities in California with a production capacity of over 10,000 8 inch 
wafers per month that are not part of the MOU, each device has the capacity to reduce only 
0.041 MMTCO2E (U.S. EPA, 2001).  If manufacturers choose to install these devices to control 
emissions, it is assumed that most would need to install two devices to meet the emission 
reduction target set forth in the MOU.  Thirteen of these devices would be needed to meet the 
2010 emission reduction target of 0.53 MMTCO2E.  No electrical consumption information was 
obtained for these devices. 

See Detailed Cost Tables. 

9. Other Benefits 
This strategy is primarily motivated by PFC reduction, and other benefits are expected to be 
minimal. 

10. Summary Table 
See Strategy Update Summary Tables.   
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ISMI, 2005.  International SEMATECH Manufacturing Initiative.  Reduction of 
Perfluorocompound (PFC) Emissions: 2005 State-of-the-Technology Report Technology 
Transfer #05104693A-ENG.  December 2, 2005.  http://www.U.S. 
EPA.gov/highgwp/semiconductor-pfc/pdf/final_tt_report.pdf. 
 
Semi, 2006.  Database, World Fab Watch.  Semiconductor Equipment and Materials 
International.  http://dom.semi.org. 
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Detailed Strategy Goals Table 
Strategy:   PFC Emission Reduction for Semiconductor Manufacturers 

Agency:   California Air Resources Board 

Affected Entities:  Semiconductor Manufacturers 

Implementation Approach:  Overall Emission Reduction – All implementation approaches 
used to reach goal 

 

Year 

Strategy Goals as Defined by the Strategy Metrics 
Primary Metric: 
Remaining PFC  
Emissions 

Other Metrics 
Metric 2 
(as needed) 

Metric 3 
(as needed) 

Metric 4 
(as needed) 

2005     
2006     
2007     
2008     
2009     
2010 0.63 MMTCO2E    
2011 0.63 MMTCO2E    
2012 0.63 MMTCO2E    
2013 0.63 MMTCO2E    
2014 0.63 MMTCO2E    
2015 0.63 MMTCO2E    
2016 0.63 MMTCO2E    
2017 0.63 MMTCO2E    
2018 0.63 MMTCO2E    
2019 0.63 MMTCO2E    
2020 0.63 MMTCO2E    
Full 
Implementation 
Year 

2010    
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   PFC Emission Reduction for Semiconductor Manufacturers 

Agency:   California Air Resources Board 

Affected Entities:  Semiconductor Manufacturers 

Implementation Approach:  Overall Emissions Impact – All implementation approaches used 
to reach goal 

Year3 

Greenhouse Gas 
Emission Reduction 

(MMT CO2e) 
2005  
2006  
2007  
2008  
2009  
2010 .53 MMTCO2E 
2011 .53 MMTCO2E 
2012 .53 MMTCO2E 
2013 .53 MMTCO2E 
2014 .53 MMTCO2E 
2015 .53 MMTCO2E 
2016 .53 MMTCO2E 
2017 .53 MMTCO2E 
2018 .53 MMTCO2E 
2019 .53 MMTCO2E 
2020 .53 MMTCO2E 
Full 
Implementation 
Year 

2010 

Uncertainty4 +75% 

Note:  2010 emission estimate from U.S. EPA Report 000-F-97-000 (EPA, 2001).   Data on electrical and fuel consumption was not 
found. 
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Detailed Cost Table 
Strategy:   PFC Emission Reduction from Semiconductor Manufacturers 

Agency:   California Air Resources Board 

Affected Entities:  Semiconductor Manufacturers 

Implementation Approach:  Capture/Recovery 

Lifetime:  10 years 

 

Year 

Capital Costs and 
Operating Costs 

(2001 Dollars) 
2005  
2006  
2007  
2008  
2009  
2010 $12,600,000 
2011 $12,600,000 
2012 $12,600,000 
2013 $12,600,000 
2014 $12,600,000 
2015 $12,600,000 
2016 $12,600,000 
2017 $12,600,000 
2018 $12,600,000 
2019 $12,600,000 
2020 $12,600,000 
Full 
Implementation 
Year 

2010 

Uncertainty5 +50% 
 
Note:  The cost figures came from the U.S. EPA document, U.S. High GWP Gas Emissions 1990–2010: Inventories, 
Projections, and Opportunities for Reductions, which presented cost estimates in a single figure which included 
capital costs, operating costs and maintenance costs.  Separate data on electrical and fuel consumption was not found. 
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Detailed Cost Table 
Strategy:   PFC Emission Reduction from Semiconductor Manufacturers 

Agency:   California Air Resources Board 

Affected Entities:  Semiconductor Manufacturers 

Implementation Approach:  Destruction 

Lifetime:  10 years 

 

 

Year 

Capital Costs and 
Operating Costs 

(2001 Dollars) 
2005  
2006  
2007  
2008  
2009  
2010 $33,800,000 
2011 $33,800,000 
2012 $33,800,000 
2013 $33,800,000 
2014 $33,800,000 
2015 $33,800,000 
2016 $33,800,000 
2017 $33,800,000 
2018 $33,800,000 
2019 $33,800,000 
2020 $33,800,000 
Full 
Implementation 
Year 

2010 

Uncertainty5 +50% 
 
Note:  The cost figures came from the U.S. EPA document, U.S. High GWP Gas Emissions 1990–2010: Inventories, 
Projections, and Opportunities for Reductions, which presented cost estimates in a single figure which included 
capital costs, operating costs and maintenance costs.  Separate data on electrical and fuel consumption was not 
found. 
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Strategy Update Summary Table 
Strategy:   PFC Emission Reduction from Semiconductor Manufacturers 

Agency:   California Air Resources Board 

Affected Entities:  Semiconductor Manufacturers 

Implementation Approach:  Capture/Recovery 

Data Elements 2010 2020 
Full Implementation Year 
(if after 2020) 

Strategy Metric Goals (report for each metric) 0.63 MMTCO2E 0.63 MMTCO2E  
Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not associated with fossil 
energy combustion) 

0.53 MMTCO2E 0.53 MMTCO2E  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season and 
time of day if possible] 

   

Substitution of non-fossil electricity production (GWh) [by 
season and time of day if possible] 

   

Cost and Cost Savings 
Capital costs and lifetime 

$12,600,000 +50% $12,600,000 +50% 
 

Annual operating costs and savings  
Electricity & fuel consumption impacts (in energy units)    
Other Benefits 
List other benefits that can be quantified    
Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or other factors.  If necessary report ranges and 
a best estimate.  If ranges are not available, report the approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
Comments: Annual operating costs include capital costs.  Separate data on electrical and fuel consumption was not found. 
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Strategy Update Summary Table 
Strategy:   PFC Emission Reduction from Semiconductor Manufacturers 

Agency:   California Air Resources Board 

Affected Entities:  Semiconductor Manufacturers 

Implementation Approach:  Destruction 

Data Elements 2010 2020 
Full Implementation Year 
(if after 2020) 

Strategy Metric Goals (report for each metric) 0.63 MMTCO2E 0.63 MMTCO2E  
Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not associated with fossil 
energy combustion) 

0.53 MMTCO2E 0.53 MMTCO2E  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season and 
time of day if possible] 

   

Substitution of non-fossil electricity production (GWh) [by 
season and time of day if possible] 

   

Cost and Cost Savings 
Capital costs and lifetime 

$33,800,000 +50% $33,800,000+50% 
 

Annual operating costs and savings  
Electricity & fuel consumption impacts (in energy units)    
Other Benefits 
List other benefits that can be quantified    
Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or other factors.  If necessary report ranges and 
a best estimate.  If ranges are not available, report the approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
Comments Annual operating costs include capital costs.  Separate data on electrical and fuel consumption was not found. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Heavy-Duty Vehicle Greenhouse Gas Reduction Measures 

2. Agency:  California Air Resources Board 
Lead staff contact:   Stephan Lemieux  

3. Strategy Description 
Overview 
This strategy aims at reducing greenhouse gas emissions (GHG) from on-road heavy-duty 
trucks.  On-road heavy-duty trucks subject to this measure would include trucks with gross 
vehicle weight ratings (GVWR) greater than 10,000 pounds.  Trucks in Classes 3 to 6 (10,001 - 
26,000 pounds GVWR) include short-haul vehicles such as beverage trucks, delivery trucks, 
utility trucks, etc., while trucks in Classes 7 and 8 (over 26,000 pounds GVWR) are mainly line-
haul tractor-trailers, but also include other trucks such as trash trucks, bulk-hauling trucks, and 
cement trucks.  GHG emissions from these vehicles can be reduced through a variety of 
existing and emerging fuel efficiency improvement technologies and/or information programs.  
Truck fuel economy improvements may be achieved by reducing aerodynamic drag and rolling 
resistance, or improving engine and powertrain efficiency, as well as by mass reduction.  Line-
haul tractor trailer combinations would benefit the most from these technologies since they 
accrue many miles annually and consume most of the fuel used by this group of vehicles.  
Short-haul trucks would also benefit from these technologies; however, aerodynamic 
improvements may not be cost-effective since these trucks in general travel at lower speeds 
and accrue fewer miles annually.  A driver education program on how to optimize vehicle 
operation in order to improve fuel economy may also be used as a way of reducing GHG 
emissions.    

Affected Entities 
Businesses that may be affected by the heavy-duty vehicle GHG emission reduction measure 
include the trucking industry, heavy-duty engine manufacturers, and truck and truck-trailer 
manufacturers.  Trucking businesses include owner-operators and small fleets (1 to 9 trucks), 
medium fleets (10 to 99 trucks) and large fleets (100 or more trucks).  The exact number of 
these businesses in California is not known.  However, based on analysis of the 2002 Vehicle 
Inventory and Use Survey (2002 VIUS) database, approximately 75% of the trucks with GVWR 
over 10,000 pounds belong to owner operators and small fleets.   

Based on certification data, 18 heavy-duty engine manufacturers worldwide manufacture and 
certify their engines for sale in California.  Staff also identified eight heavy-duty vehicle 
manufacturers that sell heavy-duty trucks in California.  However, none of these truck 
manufacturers is based in California.  The exact number of truck-trailer manufacturers in the 
United States is not known.  However, the Truck Trailer Manufacturers Association claims to 
have approximately 60 members that manufacture trailers such as van, tank, flat-bed, and low-
bed trailers.   

Related Objectives 
The strategy is motivated primarily by its greenhouse gas emission reduction potential which is 
achieved through improved fuel efficiency as a result of reduced tractive power requirements.  
The reduced power requirements are also expected to result in reduced emissions of criteria 
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pollutants such as oxides of nitrogen resulting in significant air quality benefits.  The measure 
will also help reduce the state’s dependence on foreign oil via reduced fuel consumption.   

Strategy Metrics 
The metrics for this strategy could be the number of complying trucks sold in California, the 
portion of vehicle miles traveled by complying trucks, and the percent of trucks within each 
class.  The target vehicle class for this strategy is heavy-duty trucks with GVWR greater than 
10,000 pounds.   

Strategy Goals and Implementation Approaches 
The implementation approach for this strategy is to require compliance of new trucks through a 
phase-in schedule starting in calendar year 2012 or 2013 and achieve 100 percent compliance 
by 2015.  According to California’s emission factor model, EMFAC2007, on average 
approximately 15,400 new Class 3 to 5 trucks, 10,900 new Class 6 trucks, and approximately 
14,000 new Class 7 and 8 trucks will be sold each year between 2015 and 2020.  The table 
below shows the strategy goals in terms of the number of new trucks sold in California.  Staff 
has not yet determined the phase-in schedule and therefore, it is not shown in the table below.   

Detailed Strategy Goals Table 
Strategy:  Heavy-Duty Vehicle Greenhouse Gas Reduction Measures 
Agency:   Air Resources Board 
Affected Entities: Trucking industry, heavy-duty engine manufacturers, heavy-duty vehicle 
manufactures, and trailer manufactures. 
Implementation Approach:  Beginning in 2015, all new trucks sold in California will be 
equipped with technologies that reduce aerodynamic drag, rolling resistance, and weight, and 
technologies that improve engine efficiency.   

 

Year 

Total Number of New Trucks Sold in California Each Year 
2015-2020 

Classes 3 – 5 Class 6 Class 7 – 8 Total Number of 
Trucks 

2015 17,691 8,727 14,332 40,750 
2016 17,158 8,408 14,135 39,701 
2017 17,141 8,470 14,243 39,854 
2018 17,682 8,665 14,429 40,776 
2019 18,271 8,816 14,528 41,615 
2020 18,230 8,969 14,523 41,722 

Total Number 
of Trucks in 

2020 
90,509 64,702 84,952 240,163 

 
Weighted 
Average 

Annual Miles 
per Truck 

23,700 29,600 70,500  

Note: The table does not include the number of trucks subject to the phase-in requirements.   
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4. Technology 
As mentioned above, GHG emissions from on-road heavy-duty trucks can be reduced by 
employing a variety of existing and emerging fuel efficiency improvement technologies.  Fuel 
efficiency of trucks can be improved through engine-based technologies that reduce engine 
losses and non-engine technologies that reduce the energy required to overcome aerodynamic 
drag, rolling resistance, inertia forces, and accessory operation.  The engine-based 
improvements may include internal friction reduction, increased peak cylinder pressure, and 
waste heat recovery and improved thermal management  

The influence of non-engine technologies on fuel consumption may vary greatly depending on 
truck application, truck and trailer type, driving speed, vehicle miles traveled per year, vehicle 
weight, and driver behavior.  Truck manufacturers currently offer Class 8 trucks equipped with 
optional cab roof deflectors and cab side extenders.  For tractor trailer combinations, further 
improvements can be achieved by reducing the gap between the tractor and trailer, and 
minimizing under trailer turbulence using trailer side skirts.  Currently under development is 
pneumatic blowing which involves blowing pressurized air through selected points of the tractor 
trailer to modify the airflow around the tractor trailer.   

Rolling resistance can be reduced with the use of low resistance tires, single wide tires for 
tractor trailer combinations, and automatic tire inflation systems.  Pneumatic blowing can also 
be used to reduce rolling resistance by blowing pressurized air to create a lift on the truck.  Also, 
vehicle weight may be reduced with the use of lightweight materials such as using aluminum for 
wheels, axle hubs, and tractor and trailer frames. 

5. Statutory Status 
All portions of this strategy can be accomplished under the authority granted by the California 
Global Warming Solutions Act of 2006 (or AB 32 as it is commonly known).  AB 32 provides the 
Air Resources Board with the authority to regulate sources of GHG emissions to achieve the 
maximum and most cost-effective GHG emission reductions from these sources.   

6. Implementation Steps and Timeline 
- 2008/09:  Conduct research to determine technology packages that would provide 
the maximum fuel efficiency improvements.  
- 2012/13:  Begin phase-in requiring new trucks achieve a specified fuel efficiency 
improvement.  Due to leadtime considerations, the measure may not be implemented 
early enough to achieve emission reductions by 2010. 
- 2015:  Full implementation, that is, require 100 percent of the new trucks sold in 
California achieve maximum possible fuel efficiency improvements.   
- Beyond 2015:  As more efficient vehicles become available, consider possible 
funding to accelerate retrofit or fleet turnover.   

7. Greenhouse Gas Emission Reductions 
As mentioned above, this strategy reduces GHG emissions via reduced fossil fuel consumption.  
For various reasons, it is not possible to accurately estimate the total fossil fuel savings from 
this measure.  Specifically, it is not possible to determine the distribution of tractor body and 
trailer type combinations, since the various vehicle configurations would not equally benefit from 
the various aerodynamic technologies.  Also, tractor trucks may not haul the same trailer type all 
the time, which may affect the effectiveness of the aerodynamic equipment installed on the truck 
tractor.  The analysis also does not differentiate among different duty cycles.  That is, for 
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example, vehicles with low average operating speeds such as cement mixers and garbage 
trucks may not benefit as much from aerodynamic equipment as line haul trucks.  It should 
therefore be understood that these factors introduce significant uncertainties to the estimates 
reported in the following tables.  With these caveats in mind, staff estimated fuel efficiency 
improvements assuming each truck benefits equally from technologies that reduce aerodynamic 
drag.  Baseline fuel economy was assumed to be 6.2 miles per gallon (mpg) for Class 7 and 8 
trucks, 7.2 mpg for Class 6 trucks, and 13.6 mpg for Class 3 to 5 trucks1.  Furthermore, the 
analysis assumes that beginning in 2015 all new trucks sold in California will employ the best 
available technologies that achieve maximum fuel efficiency improvements2.  Based on these 
assumptions, staff estimates the total fossil fuel consumption savings for the years 2015 to 2020 
to be approximately 1,100 million gallons.   

 

Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:  Heavy-Duty Vehicle Greenhouse Gas Reduction Measures 
Agency:   Air Resources Board 
Affected Entities: Trucking industry, heavy-duty engine manufacturers, heavy-duty vehicle 
manufactures, and trailer manufactures. 
Implementation Approach:  Beginning in 2015, new trucks sold in California will be equipped 
with technologies that reduce aerodynamic drag, rolling resistance, and weight, and 
technologies that improve engine efficiency.   

 

Year 

Fossil Fuel Consumption Savings 
(million gallons) 

Classes 3 – 5 Class 6 Class 7 – 8 
2015 4 7 42 
2016 8 13 84 
2017 12 20 126 
2018 16 26 168 
2019 20 32 210 
2020 24 39 252 

Total Fuel 
Savings from 
2015 to 2020 

86 137 882 

Uncertainty ±50% ±50% ±50% 
Note: The above estimates do not include fuel savings from existing trucks subject to the phase-
in requirements.   

                                                 
1 Fuel economy data were obtained from “Technology Roadmap for the 21st Century Program.” United States 
Department of Energy.  December 2000.   
2 In estimating the fuel efficiency improvements and cost, staff utilized fuel efficiency improvement data and 
technology costs from an Argonne National Laboratory report by Vyas, Saricks, and Stodolsky, titled “Potential 
Effect of Future Energy Efficiency and Emissions Improving Technologies on Fuel Consumtpion of Heavy-Trucks.” 
ANL/ESD/02-4.  August 2002.  
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8. Costs and Cost Savings 
This strategy will result in an incremental capital cost to the trucking industry due to the 
additional fuel efficiency improvement technologies installed on new trucks sold in California in 
2015 to 2020.  The incremental cost for each truck and the total capital cost for each year is 
shown in the following table.   

 

Detailed Cost Table 
Strategy:  Heavy-Duty Vehicle Greenhouse Gas Reduction Measures 
Agency:   Air Resources Board 
Affected Entities: Trucking industry, heavy-duty engine manufacturers, heavy-duty vehicle 
manufactures, and trailer manufactures. 
Implementation Approach:  Beginning in 2015, new trucks sold in California will be equipped 
with technologies that reduce aerodynamic drag, rolling resistance, and weight, and 
technologies that improve engine efficiency.   

Lifetime:  Single wide tires (tractor trailer combinations) and low resistance tires (straight 
trucks) are assumed to be replaced every 120,000 miles.  Other fuel efficiency improvement 
technologies (aerodynamic devices, mass reduction, engine efficiency improvements) are 
assumed to last the life of the truck which is assumed to be approximately 1 million miles.   

 

Incremental Cost per Truck 

Classes 3 - 5 Class 6 Class 7 - 8 
$ 4250 $6,900 $17,500 

 

Year 

Cost Estimates 

Capital Costs 
(million $) 

Fuel Consumption Savings 
(million gallons) 

 Classes 3 - 5 Class 6 Class 7 - 8 Classes 3 - 5 Class 6 Class 7 – 8 
       

2015 66 76 239 4 7 42 
2016 64 73 236 8 13 84 
2017 64 74 238 12 20 126 
2018 65 75 241 16 26 168 
2019 68 77 243 20 32 210 
2020 68 78 243 24 39 252 

Uncertainty ±50% ±50% ±50% ±50% ±50% ±50% 

9. Other Benefits 
Improved fuel economy is expected to result in reduced emissions of criteria pollutants such as 
oxides of nitrogen.  A study conducted by the United States Environmental Protection Agency to 
examine the effect of single wide tires and trailer aerodynamics on fuel economy and NOx 
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emissions of Class 8 line haul tractor-trailers found that the combined effect of single wide tires 
and trailer aerodynamics reduced NOx emissions by approximately 25 percent on the Suburban 
Drive Cycle and by approximately 45 percent on the Highway Driving Cycle (65 miles per hour).  
However, due to uncertainty in the data staff did not estimate the emission reductions that would 
result from this strategy.   

10. Summary Table 
See attached for the summary table.  

11. References 
 
Bachman, L, Anthony Erb, and Chryl L. Bynum.  “Effect of Single Wide Tires and Trailer 
Aerodynamics on Fuel Economy and NOx Emissions of Class 8 Line-Haul Tractor-Trailers.” 
SAE Paper Number 05CV-45, 2005 
 
U.S. DOE.  “Technology Roadmap for the 21st Century Program.” Report Number: 21CT-001.  
December 2000.   
 
Vyas, A, C. Saricks, and F. Stodolsky.  “The Potential Effect of Future Energy Efficiency and 
Emissions-Improving Technologies on Fuel Consumtpion of Heavy-Trucks.” ANL/ESD/02-4.  
August 2002. 
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Strategy Update Summary Table 
Strategy:  Heavy-Duty Vehicle Greenhouse Gas Reduction Measures 
Agency:   Air Resources Board 
Affected Entities: Trucking industry, heavy-duty engine manufacturers, heavy-duty vehicle manufactures, and trailer manufactures. 
Implementation Approach: Beginning in 2015, new trucks sold in California will be equipped with technologies that reduce 
aerodynamic drag, rolling resistance, and weight, and technologies that improve engine efficiency.   

Data Elements 2010 2020 
Full Implementation 
Year (if after 2020) 

Strategy Metric Goals (report for each metric) NA 240,163 trucks  
Greenhouse Gas Emissions Impacts 

MMT CO2e (emissions impact not associated with fossil 
energy combustion) 

NA NA NA 

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season and 
time of day if possible] 

NA NA NA 

Substitution of non-fossil electricity production (GWh) [by 
season and time of day if possible] 

NA NA NA 

Change in transportation fossil fuel consumption (by fuel 
type) 

NA Gasoline- 40±50% million gallons 
Diesel- 1060±50% million gallons 

NA 

Change in stationary fossil fuel consumption (by fuel 
type) 

NA NA NA 

Cost and Cost Savings 
Capital costs and lifetime NA US $1.4 billion in 2007 $ 

Lifetime: (0.3 to 1) million miles1 
NA 

Annual operating costs and savings NA NA NA 
Electricity & fuel consumption impacts (in energy units) NA NA NA 

Other Benefits 
List other benefits that can be quantified NA Reduces emissions of criteria pollutants NA 

1Comments:  The lower value of the lifetime range corresponds to the life of the single wide tires and the higher values correspond to the life of the 
aerodynamic devices which are expected to last the life of the vehicle, assumed here to be 1 million miles.   
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy: Reducing Methane Leaks and Venting in Oil and Gas Systems 

2. Agency:  Air Resources Board 
Contacts 
Terrel Ferreira 
Win Setiawan 

3. Strategy Description 
Overview 
Methane emissions from natural gas systems are generally process related, mostly 
stemming from normal operations, routine maintenance and systems upsets.  By 
implementing improved management practices methane emissions may be reduced.   
Affected Entities 
Natural gas and oil systems, wells, gas processing and storage facilities, pipeline 
operators, and utility companies. 
Related Objectives 
The strategy is motivated primarily by its greenhouse gas emissions reductions.  The 
reductions of methane leaks and venting from oil and gas systems result from 
installation of new technologies and improved management practices that are 
achievable at a net cost benefit. 
Strategy Metrics 
In 1999, the U.S. Environmental Protection Agency (EPA) published a report titled “U.S. 
Methane Emissions 1990-2020:  Inventories, Projections, and Opportunities for 
Reductions”.  In that report several options are listed as possible strategies for reducing 
methane (see Suggested Strategy Metric Goals Table). 
Strategy Goals and Implementation Approaches 
The goal of the strategy is to adopt a regulatory standard that requires industry to install 
new technologies and implement improved management practices to reduce methane 
emissions by 2010 and 2020.   

4. Technology 
The emission reductions achieved from the reduction of methane leaks and venting 
from oil and gas systems are primarily a result of the installation of new technologies 
and also from improved management practices. 

5. Statutory Status 
The ARB’s current statutory authority allows for the implementation of the proposed 
strategy. 
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6. Implementation Steps and Timeline 
Projected Start Date: November 2007 
Projected Completion Date: November 2010   

7. Greenhouse Gas Emission Reductions 
The July 2005 draft report by the Tellus Institute estimates potential GHG reductions of 
1 MMT CO2 equivalent from leak and venting reduction in the production, processing, 
transport, and distribution of oil and natural gas in 2010 and 2020.  This goal is based 
on U.S. EPA estimates that approximately 30 percent of emissions from oil and gas 
systems can be avoided cost-effectively.   

8. Costs and Cost Savings 
In the 1999 U.S. EPA Methane Emissions Report, the cost effectiveness of each 
emission reduction option is presented.  The analysis compares the needed break-even 
price for each methane reduction option against the total value of the abated methane 
which is the sum of the market value of gas and any emission reduction values.  If the 
value for the abated methane (revenue) is equal to or greater than an option’s cost, that 
option is considered cost effective.  The options listed in the Suggested Strategy Metric 
Goals Table are considered to have a net cost benefit. 

9. Other Benefits 
The new technologies and improved management practices would also reduce non-
methane organic gas emissions and toxics. 

10. Summary Table 
Please see the Summary Metrics Table for a list of some of the technologies and 
practices that will be examined as part of the strategy. 

11. References 
California Climate Leadership: Strategies to Reduce Global Warming Emissions 
July 2005, Tellus Institute 
 

U.S. Methane Emissions 1990-2020: Inventories, Projections, and Opportunities for 
Reductions (EPA 430-R-99-013), September 1999, U.S. EPA 
 
Addendum to the U.S. Methane Emissions 1990-2020:  2001 Update for Inventories, 
Projections, and Opportunities for Reductions 
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Detailed Strategy Goals Table 
Strategy:  Reducing Methane Leaks and Venting in Oil and Gas Systems 
Agency:   Air Resources Board 
Affected Entities:  Natural Gas and Oil Systems, wells, gas processing and storage facilities, 
and pipelines  
Implementation Approach:  Regulation 
 

Year 
Primary Metric 

Emissions Impact 
2005  
2006  
2007  
2008  
2009  
2010 1 MMTCO2e 
2011 1 MMTCO2e 
2012 1 MMTCO2e 
2013 1 MMTCO2e 
2014 1 MMTCO2e 
2015 1 MMTCO2e 
2016 1 MMTCO2e 
2017 1 MMTCO2e 
2018 1 MMTCO2e 
2019 1 MMTCO2e 
2020 1 MMTCO2e 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:  Reducing Methane Leaks and Venting in Oil and Gas Systems 
Agency:   Air Resources Board 
Affected Entities:  Natural Gas and Oil Systems, wells, gas processing and storage facilities, 
and pipelines  
Implementation Approach:  Regulation 
 

Year 

Summary of Impacts 
Emissions Impacts Energy Impacts 

Methane (Energy Units) 
2005   
2006   
2007   
2008   
2009   
2010 1 MMTCO2e (none) 
2011 1 MMTCO2e (none) 
2012 1 MMTCO2e (none) 
2013 1 MMTCO2e (none) 
2014 1 MMTCO2e (none) 
2015 1 MMTCO2e (none) 
2016 1 MMTCO2e (none) 
2017 1 MMTCO2e (none) 
2018 1 MMTCO2e (none) 
2019 1 MMTCO2e (none) 
2020 1 MMTCO2e (none) 
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Detailed Cost Table 
Strategy:  Reducing Methane Leaks and Venting in Oil and Gas Systems 
Agency:   Air Resources Board 
Affected Entities:  Natural Gas and Oil Systems, wells, gas processing and storage facilities, 
and pipelines  
Implementation Approach:  Regulation 

Year 

Cost Estimates1 

Capital 
Costs 

Operating 
Costs 

Cost 
Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Fuel 1 Fuel 2 Fuel 3 
2005       
2006       
2007       
2008       
2009       

2010 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2011 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2012 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2013 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2014 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2015 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2016 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2017 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2018 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2019 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

2020 To Be 
Determined 

To Be 
Determined 

To Be 
Determined    

Full 
Implementation 

Year 
      

Uncertainty       
Savings are expected to exceed costs for this strategy based on previous analyses performed by 
others (see text). 
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Summary Metrics Table 
Number  Option 

1  Practice directed inspection and maintenance at gate stations and surface facilities 
(Meter/Regulator stations > 300 psi).  

2  Practice directed inspection and maintenance at gate stations and surface facilities (Reg. 
> 300 psi).  

3  Practice enhanced directed inspection and maintenance at gate stations and surface 
facilities (Meter/Regulator stations > 300 psi).  

4  Install fuel gas retrofit systems on compressors to capture otherwise vented fuel when 
compressors are taken off-line (storage compressor stations).  

5  Practice enhanced directed inspection and maintenance at gate stations and surface 
facilities (Reg. > 300 psi).  

6  Reduce glycol circulation rates in dehydrators (not applicable to Kimray pumps – this 
option applies to transmission sector dehydrators without flash tanks). 

7  Install fuel gas retrofit systems on compressors to capture otherwise vented fuel when 
compressors are taken off-line (transmission compressor stations).  

8  Replace high-bleed pneumatic devices with low-bleed pneumatic devices (applies to 
transmission sector, high-bleed, continuous-bleed pneumatic devices). 

9  Replace high-bleed pneumatic devices with low-bleed pneumatic devices (applies to 
transmission sector, medium-bleed, continuous-bleed pneumatic devices). 

10  Install fuel gas retrofit systems on compressors to capture otherwise vented fuel when 
compressors are taken off-line (processing compressor stations). 

11  Practice directed inspection and maintenance at storage compressor stations.  

12  
Reduce glycol circulation rates in dehydrators (not applicable to Kimray pumps – this 
option applies to production sector dehydrators without flash tanks, with gas assisted 
pumps).  

13  Replace high-bleed pneumatic devices with low-bleed pneumatic devices (applies to 
production sector, high-bleed, continuous-bleed devices). 

14  Practice directed inspection and maintenance at transmission compressor stations.  

15  Reduce glycol circulation rates in dehydrators (not applicable to Kimray pumps – this 
option applies to transmission sector dehydrators with flash tanks). 

16  Enhanced Directed Inspection and Maintenance at storage compressor stations.  
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Summary Metrics Table 
Number  Option 

17  Practice directed inspection and maintenance at gate stations and surface facilities 
(Meter/Regulator stations 100-300 psi).  

18  Practice directed inspection and maintenance at gate stations and surface facilities (trans. 
co. interconnect).  

19  Practice enhanced directed inspection and maintenance at gate stations and surface 
facilities (trans. co. interconnect). 

20  Replace high-bleed pneumatic devices with low-bleed pneumatic devices (applies to 
production sector, high-bleed, intermittent-bleed devices). 

21  Practice enhanced directed inspection and maintenance at transmission compressor 
stations.  

22  Reduce glycol circulation rates in dehydrators (not applicable to Kimray pumps – this 
option applies to production sector dehydrators without flash tanks).  

23  Replace high-bleed pneumatic devices with low-bleed pneumatic devices (applies to 
production sector, medium-bleed, continuous-bleed devices). 

24  Practice enhanced directed inspection and maintenance at gate stations and surface 
facilities (Meter/Regulator stations 100-300 psi).  

25  Replace high-bleed pneumatic devices with low-bleed pneumatic devices (applies to 
transmission sector, high-bleed, turbine devices). 

26  Use reciprocating compressor rod packing (Static-Pac, applies to transmission sector).  

27  Use reciprocating compressor rod packing systems (Static-Pac, applies to storage).  

28  Practice directed inspection and maintenance at LNG stations.  

29  Install dry seals on centrifugal compressors (storage sector).  

30  Use reciprocating compressor rod packing systems (early replacement of rings and rods 
on storage sector reciprocating compressors). 

31  Install dry seals on reciprocating compressors (transmission sector).  

32  Practice directed inspection and maintenance at production and processing sites. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy: Landfill Methane Capture 
 
2. Agency:  California Integrated Waste Management Board 
 

Lead staff contact: Scott Walker 
 

3. Strategy Description:1 
Overview 
An important part of municipal solid waste management in California is disposal in landfills of 
residual waste that cannot be recycled or composted.  Approximately 1.2 billion tons of solid 
waste has accumulated in California landfills with 40 million additional tons added each year.      

Landfills generate gas by anaerobic decomposition of organic waste with typical methane 
content between 40-55%.  Landfills will generate significant methane from waste that will be 
disposed in the future, and the vast quantity of in-place waste from past disposal that will 
generate methane for many years after placement.  Methane from landfill gas not captured, 
combusted, naturally oxidized, or contained in the subsurface is released as fugitive emissions. 

Methane is a potent greenhouse gas (GHG), with approximately twenty-one (21) times the 
Global Warming Potential (GWP) as CO2, and comprises approximately 5.7% of gross 2004 
climate change emissions in California (California Energy Commission (CEC) Inventory of 
California Greenhouse Gas Emissions and Sinks: 1990 to 2004 (October 2006)).  The largest 
anthropogenic source of methane GHG emissions is from landfills which account for an 
estimated 8.4 MMTCO2E or 1.7 percent of gross 2004 climate change emissions in California 
estimated by CEC.  CEC estimates landfill methane GHG emissions for 1990 at 8.1 MMTCO2E. 

Based on the potential role of landfill methane with respect to climate change, the Climate 
Action Team (CAT) has identified Landfill Methane Capture as a strategy for reduction of 
climate change emissions.  The reduction goals for the Landfill Methane Capture Strategy are 1 
MMTCO2E by 2010 and 3 MMTCO2E by 2020.  The Landfill Methane Capture strategy includes 
a voluntary information program to install new methane control systems at landfills currently 
without control systems; increase landfill gas recovery as a biomass renewable energy source 
to offset emissions from fossil fuel energy sources; and maximize landfill methane capture 
efficiencies through landfill design, operation, and construction practices. 

 

Affected Entities 
The Landfill Methane Capture strategy will affect municipal solid waste landfill owners and 
operators, particularly those who do not already capture and beneficially use methane 
generated by their landfills.  The Integrated Waste Management Board (IWMB) has identified 

                                                 
1 There have been significant developments in this strategy since the time this analysis was prepared 
including: adoption by ARB of a landfill methane capture Early Action Measure; initiation of grants to 
increase Landfill gas to LNG; commencement and development of a CEC study to measure methane 
emissions from landfills; the development of a CIWMB sponsored Landfill Methane Best Management 
Practices study; and the development of a draft AB 32 Emissions Inventory. This analysis does not reflect 
those recent developments. 
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approximately 366 landfills with potential to generate landfill gas, of which approximately 145 
are active facilities receiving waste.  The total number of owners and operators affected will be 
less than 366 because specific owners and operators typically own and operate multiple sites 
and facilities, and a significant proportion of landfills are of a size and age expected to emit 
negligible methane.  Landfill owners and operators are both private and public entities with the 
breakdown for active facilities of 2/3 public and 1/3 private entities.  IWMB maintains owner 
contact and mailing list information for landfills in the Solid Waste Information System (SWIS). 

 

Related Objectives 
The Landfill Methane Capture strategy is motivated by multiple benefits.  Increasing capture of 
landfill methane has significant other potential multi-media environmental and public health and 
safety benefits beyond reduction in climate change emissions.  These potential benefits would 
include reduction in explosive gases hazards, and increase in the capture of trace gases 
including toxic and odorous compounds which otherwise might be released and result in human 
exposure and health risk, ground water contamination, or nuisance.   

The Air Resources Board (ARB) is the lead state agency with jurisdiction over air quality 
aspects of landfills and solid waste facilities.  Landfill air quality requirements are implemented 
under local rules and permits issued by the 35 local Air Pollution Control Districts (APCD) or Air 
Quality Management Districts (AQMD).  The State Water Resources Control Board (SWRCB) is 
the lead state agency for water quality aspects of landfills under Title 27, California Code of 
Regulations (27 CCR).  The IWMB has jurisdiction over aspects of landfills not including air and 
water quality such as explosive gas monitoring and control.  IWMB implements its requirements 
under 27 CCR primarily through Local Enforcement Agencies (LEAs). 

Recovery of landfill gas for production of electricity and vehicle fuels also plays an important role 
in California’s goals and mandates for increasing production of renewable energy and biofuels.  
LFGTE constitutes approximately 24% of current in-state renewable energy production capacity 
from biomass and has significant potential to increase.  Current mandates and Executive Orders 
with significant relation to recovery of landfill gas include: 

• California Renewables Portfolio Standard (RPS) Program (SB1078; 2002): Public 
Utilities Code, Division 1, Part 1, Chapter 2.3, Sections 387, 390.1, and 399.25 and 
Article 16 (commencing with Section 399.11). 

• BioEnergy/Fuels Targets and Action Plan (Executive Order S-06-06).  
 

Strategy Metrics 
The primary metrics for the Landfill Methane Capture Strategy include the percent of total 
waste-in-place with methane control systems and landfill gas to energy production increase 
from 2005 levels in GWh.  IWMB has established and is maintaining an initial compilation of 
site-specific landfill data for the primary metrics.  In the absence of actual production data, 
landfill gas to energy production would be estimated by the increase in estimated production 
capacity (gross capacity) multiplied by a capacity or availability factor.  The U.S. EPA Landfill 
Methane Outreach Program (LMOP) recommends 0.93 as a representative factor for 
reciprocating engines and gas turbines.   

Metrics for maximizing landfill methane capture efficiency cannot be established at this time 
because estimation of landfill methane emissions is poorly understood and an area identified for 
additional research.  To address this need for research, CEC has awarded a contract to develop 
and validate a new inventory and methodology for determining landfill methane emissions and 
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assigned capture efficiencies.  The inventory and metrics will be revised accordingly based on 
the CEC study. 

Metrics will also be adjusted if appropriate based on the establishment of 1990 emissions levels 
by ARB pursuant to AB32.  IWMB staff will assist ARB as requested in implementing AB32 
requirements with respect to landfill methane.  Based on further consultation with ARB, metrics 
may add, if the information is available, total methane combusted in landfill flares and recovery 
systems and total landfill methane generation based on a standard methodology used to 
establish the 1990 emissions level. 

 

Strategy Goals and Implementation Approaches 
Implementation of the Landfill Methane Capture strategy is summarized in the following table: 

 

Implementation Category Approach 

Install New Control Systems Information Program; Mandatory (as determined by ARB) 

Increase Energy Recovery from   
Landfill Methane (Offsets) 

Information Program; Incentives (grants) may be 
considered pending identification of funding source 

Increase Capture Efficiencies Information Program 
 

The implementation approach for the Landfill Methane Capture strategy emphasizes an ongoing 
information program in coordination with responsible agencies and stakeholders to enhance 
technical assistance on a voluntary basis.  The information program is described in more detail 
at the end of this subsection.  Potential mandatory and incentive approaches may be developed 
in consultation with ARB and other agencies. 
Install New Control Systems  
The primary category for the implementation of the Landfill Methane Capture strategy would be 
to install landfill methane control systems at landfills where such systems are not in-place and 
not otherwise required to be installed under current regulatory requirements.   
A mandatory implementation approach may be applied as determined appropriate by ARB to 
require installing new active flare control systems where systems are not currently required.  
Determination of such an approach would be established by January 1, 2008 by ARB in 
accordance with AB 32 requirements.  Section 7 provides further analysis with respect to 
installing new control systems. 

Increase Energy Recovery from Landfill Methane  
Recovery of landfill methane as a biomass renewable energy source provides additional 
reductions of climate change emissions by offsetting the emissions from the displaced energy 
produced from fossil fuel combustion.  CO2 emissions from biomass renewable energy are 
excluded from emissions because the net amount of CO2 released is zero when averaged over 
the life of the biomass itself (Page 35, Inventory of California Greenhouse Gas Emissions and 
Sinks: 1990 to 2004 (October 2006)).  Credit for climate change reductions from landfill gas to 
electricity would be reflected in the inventory category of CO2 emissions from fossil fuel 
combustion (in-state electricity) which assumes in the baseline (“business as usual”) projections 
that renewable energy goals (20% by 2010) will be met.  Production of biomass-based vehicle 
fuels from landfill gas is at the present time negligible but has significant potential.   

Incentive programs may be considered by IWMB with respect to grant funding for landfill gas 
recovery for biofuels projects if a funding source can be identified.  IWMB’s approved budget for 
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Fiscal Year 2006-2007 includes the following budget trailer bill language:  “Of this appropriation, 
an amount not to exceed $1,000,000 may be awarded in the form of a grant for demonstration 
projects that convert landfill gas to liquefied natural gas (LNG) for use as a clean transportation 
fuel, provided that the demonstration project meets all the following conditions:  The project 
shall produce at least 10,000 gallons of LNG per day. (a) The project shall utilize landfill gas that 
is currently flared; (b) The project shall have obtained all applicable land use permits before 
award of the grant; and (c) The grant amount shall not exceed 15 percent of the total project 
cost. 

IWMB is assisting ARB on implementation of the AB1811 program to fund biofuel and bioenergy 
projects.  It is anticipated that solicitations for grants will occur in January 2007 and it is 
expected that landfill gas to LNG or CNG project proponents will be submitting applications.  
Approximately $5 million would be available for this applicable category of funding.  CEC has 
two PIER program grant solicitations up to $1 million and $5 million with applications due in 
early 2007 where landfill gas to energy projects may qualify.  In addition, CEC administers a 
program to subsidize renewal energy projects from the Renewable Resource Trust Fund 
(www.consumerenergycenter.org/erprebate/index.html).  However, landfill gas to energy 
projects would not qualify unless the project utilized fuel cell technology. 

Increase Landfill Methane Capture Efficiencies 

The Landfill Methane Capture strategy also includes development of other voluntary measures 
to increase capture efficiencies of landfill methane.  Landfill design, construction, operation, and 
closure/postclosure practices may provide opportunities for such reductions.  In addition, natural 
methane oxidation has been shown to occur in landfill cover materials thereby reducing 
emissions, and it may be possible to cost-effectively enhance such oxidation through use of 
compost in cover soils.   

Information Program Approach 

Specific elements of the information program approach include: 

• Landfill Methane Capture Site-Specific Information and Inventory.  IWMB has reviewed 
and updated in-house compilation of site-specific landfill GHG emissions related 
information.  IWMB staff is utilizing this information to assist ARB as requested in 
establishing 1990 emissions levels pursuant to AB32.  This information has been made 
available to stakeholders.  Additional review, data compilation, and updates with respect 
to this information will be performed by IWMB staff as needed on an ongoing basis. 

• Technical Assistance Contracts to Resolve Technical Issues.  Technical assistance for 
landfill methane capture also includes implementation of contracts in consultation with 
stakeholders to resolve technical issues, provide guidance, and evaluate technologies.   

The generation of landfill gas and resultant emissions over time are sensitive to site-
specific factors and are difficult to predict and measure.  Many researchers and 
stakeholders conclude that although there are opportunities for further reductions in 
methane emissions from landfills, baseline emissions are much lower than assumed 
because of advancements in controls over recent decades.  Other stakeholders believe 
landfill methane emissions are higher and that reduction estimates and capture 
efficiencies of control measures are exaggerated.    

The California Energy Commission (CEC) has specifically identified and recommended 
landfill methane emissions for further study to improve the accuracy and utility of the 
California GHG emissions inventory (page iii; Inventory of California Greenhouse Gas 
Emissions and Sinks: 1990 to 2004 (October 2006)). Therefore, the Landfill Methane 
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Capture strategy includes technical assistance in this area. CEC awarded in March 2006 
a contract to Dr. Jean Bogner of Landfills+, Incorporated to develop and validate a new 
inventory and methodology for determining landfill methane emissions and assigned 
capture efficiencies.  IWMB is providing technical assistance on the project.  Completion 
of the current CEC study in 2008 to improve the methodology for inventory estimates 
would be required to assign values of landfill methane capture efficiencies and 
reductions for site-specific factors and implementation approaches.  In consultation with 
other local, state, and federal agencies, additional related studies will be developed and 
tracked to support this effort.   

At this time there is no overall practical guide or roadmap to maximize landfill methane 
capture from landfills in California.  The lack of such guidance or roadmap presents a 
barrier toward maximizing emissions reductions.  To address this issue, IWMB staff has 
recommended to CEC for fiscal year 2006/2007 a contract study scope of work to be 
funded ($150,000) by CEC to provide guidance and Best Management Practices for 
landfill operators to maximize landfill methane capture efficiencies.  Should CEC decide 
not to go forward with the study, IWMB would explore other potential sources of funding 
and resources. 

• Technology Evaluation and Implementation.  IWMB will continue ongoing evaluation and 
promotion in consultation with other agencies and stakeholders of viable technologies 
relating to increasing landfill methane capture.  IWMB was the lead agency in adopting 
Research, Development, and Demonstration (RD&D) Permit flexibility regulations for 
landfills and is working to achieve final U.S. EPA approval under RCRA Subtitle D.  
RD&D flexibility will allow for new landfill technologies such as bioreactor landfills which 
may increase the recovery of landfill gas for renewable energy produce, reduce 
greenhouse gas emissions from landfills, and provide other benefits.  IWMB has 
provided funding to the Yolo County bioreactor landfill demonstration project, and will 
continue to provide technical assistance and guidance for potential future projects. 

Related IWMB contract projects funded by IWMB include a pilot project to demonstrate 
anaerobic composting technology on the Yolo County Central landfill with methane 
recovery and compost production; assessment by UC Davis of the technical and 
economic feasibility of producing hydrogen from landfill gas for vehicle use, power 
generation, and other applications; and assessment of the viability of landfill gas 
monitoring probes. 

• Landfill Gas-To-Energy (LFGTE) Task Force.  IWMB will work with CEC, other State 
agencies, the USEPA Landfill Methane Outreach Program (LMOP), Bioenergy Working 
Group, California Biomass Collaborative, and other stakeholders to reconvene the 
Landfill Gas-To-Energy (LFGTE) Task Force.  The LFGTE Task Force was formed 
during the energy crisis in 2000 to increase energy recovery from landfill gas.  A related 
current activity by industry stakeholders that have been involved in the Task Force is 
negotiation with the Bay Area Air Quality Management District to resolve permitting and 
criteria pollutant offset issues that are a barrier to increasing recovery of landfill gas.  
CEC is the lead state agency for the LFGTE Task Force. 

 
4. Technology: 
Landfill methane capture relies primarily on standard approved landfill gas collection and control 
technologies.  Mechanical blowers and compressors pull landfill gas from the waste mass by 
vertical wells and horizontal trenches.  The landfill gas is conveyed via piping and headers to 
combustion in enclosed ground type flares or energy recovery systems such as reciprocating 
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engines, combustion turbines, steam-cycle power plants, or microturbines.  Landfill gas may 
also be purified to various extents as appropriate for direct use as boiler fuel, pipeline quality 
gas, or vehicle fuels including compressed natural gas (CNG) and liquefied natural gas (LNG). 
Research and development on emerging landfill gas recovery technologies is ongoing.  Landfill 
gas flares and the most common recovery systems are commercialized and have multiple 
vendors.   

Landfill design, construction, operation, and closure/postclosure practices may also be varied to 
maximize the efficiency of methane capture.  For example, gas extraction systems can be 
installed at particular planned stages and construction specifications to maximize capture.  In 
addition, final cover systems installed early as portions of the landfills reach final grades provide 
an early barrier to fugitive methane emissions by thickened soil and low permeability layers.  
Natural methane oxidation has been shown to occur in landfill cover materials thereby reducing 
emissions, and it may be possible to cost-effectively enhance such oxidation through use of 
compost in cover soils.   

Additional reference information on landfill methane capture technologies is provided in:  

Suggested Control Measures for Landfill Gas Emissions (ARB September 13, 1990); 

Economic and Financial Aspects of Landfill Gas To Energy Project Development in California 
(SCS Engineers, Publication # 500-02-020F). April 2002. http://energy.ca.gov/reports/2002-04-
08_500-02-020F.PDF; 

U.S. EPA Landfill Methane Outreach Program (LMOP) website: www.epa.gov/lmop/. 

 

5. Statutory Status: 
No additional statutory authority is required to implement the Landfill Methane Capture Strategy. 
 

6. Implementation Steps and Timeline: 
Implementation steps for the Landfill Methane Capture strategy may be impacted and adjusted 
based on the following key AB32 timelines for ARB: 

• Establish statewide greenhouse gas cap for 2020, based on 1990 emissions by 1/1/08.  

• Adopt mandatory reporting rules for significant sources of greenhouse gases by 1/1/09.  

• Adopt plan by 1/1/09 indicating how emission reductions will be achieved from significant 
greenhouse gas sources via regulations, market mechanisms and other actions.  

• Adopt regulations by 1/1/11 to achieve the maximum technologically feasible and cost-
effective reductions in greenhouse gas, including provisions for using both market 
mechanisms and alternative compliance mechanisms.   

IWMB has completed an in-house compilation of site specific landfill information and 
maintenance of this information is an ongoing activity.  Additional data compilation and analysis 
will be conducted as requested to assist ARB inventory efforts in meeting the January 1, 2008 
timeline. 

Further consultation with CEC and stakeholders will be necessary to formerly reconvene the 
Landfill Gas to Energy (LFGTE) Task Force by March 30, 2007.   

A final report is anticipated by June 30, 2008, for the CEC contract with Landfills+, Incorporated 
to develop and validate a new inventory and methodology for determining landfill methane 
emissions and assigned capture efficiencies. 
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A decision by CEC to implement a contract study based on IWMB’s recommendation for 
guidance and Best Management Practices for landfill operators to maximize landfill methane 
capture efficiencies is anticipated by March 1, 2007.  If the project moved forward, completion 
would occur by January 1, 2009.  Should CEC decide not to go forward with the study, IWMB 
would explore other potential sources of funding and resources and adjust the schedule 
accordingly. 

Determination of potential mandatory program options for the Landfill Methane Capture strategy 
will be completed in accordance with ARB’s January 1, 2009 timeline.   

 

7. GHG Emission Reductions: 
The following table summarizes the proposed emissions reductions for the Landfill Methane 
Capture Strategy and is reflected in the detailed Strategy Goals Table.  
 

Implementation 
Category 

 

Implementation 
Approach 

 

2010 Reduction 
Goal (in MMTCO2E) 

(Total 1.0) 

2020 Reduction 
Goal (in MMTCO2E) 

(Total 3.0) 
Install New Control 
Systems 

Information Program; 
Mandatory (as 
determined by ARB) 

0.2 0.5 

Increase Energy 
Recovery from 
Landfill Methane 

Information Program; 
Incentives (grants) 
may be considered 
pending identification 
of a funding source 

0.4 
(offset of in-state 

electricity production 
and transportation 

fuel) 

1.2 
(offset of in-state 

electricity production 
and transportation 

fuel) 
Increase Landfill 
Methane Capture 
Efficiencies 

Information Program 0.4 1.3 

 
Emissions reductions estimates with time are based on a proportional projection to the final 
2020 goal of 3 MMTCO2E.  Based on this projection, the reduction goal for 2010 has been 
revised from 2.0 MMTCO2E in the initial proposal to 1.0 MMTCO2E. 
Although mandatory and incentive approaches may be developed, until such time that they are 
established the reductions would be achieved entirely through the information and voluntary 
program approach.   

The emissions baseline is assumed constant at the 2004 CEC estimate of 8.4 MMTCO2.  The 
CEC estimated baseline for landfill methane emissions in 1990 at 8.1 MMTCO2.  These 
baseline estimates are extrapolated from local district emissions data and are subject to review 
with ARB as part of AB32 implementation to establish 1990 emissions levels by January 1, 
2008.  In addition, the CEC study to improve the methodology for inventory estimates is 
anticipated to be completed in 2008.  The baseline and reduction estimates may change and 
this analysis revised accordingly based on the CEC study and the ARB’s establishment of 1990 
emissions levels.   

More detailed analysis based on implementation category is as follows: 
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Install New Control Systems  
Based on preliminary IWMB compilation, 93.5% of total waste-in-place in California is contained 
in landfills with landfill gas control systems that combust and destroy methane (flares and 
energy recovery systems).   
All landfills with greater than 5 million tons waste-in-place have methane destruction systems 
(51 landfills; 76% of total statewide waste-in-place).  Ninety-eight percent of total waste-in-place 
is in 189 landfills with 500,000 tons or greater waste-in-place.  Forty-one of those landfills do not 
have systems, including 21 (500,000-1 million tons) and 20 (1 million tons or greater). 
IWMB estimates the following number of landfills with corresponding overall waste-in-place and 
emissions estimate data currently without methane destruction control systems: 
 

# Landfills Waste-In-Place 
(tons; million tons/ 
MT; % of statewide) 

Methane 
Generation 

(scfm) 
 

Net Reduction in MMTCO2E if all 
install active-flare control systems 
(assume efficiency 10% no control; 

75% w/control) 

194 
(total) 

<10,000- 3.8 MT 
77 (6.5%) 

7250 total 
(37 avg.) 

0.9 

41 0.5- 3.8 MT 
56 (5%) 

5200 
(127) 

0.7 

21 1.0- 3.8 MT 
41 (3.5%) 

3850 
(183) 

0.5 

 
It may not be feasible to install such systems where landfill gas generation cannot be sustained 
in a quantity and methane content to operate a flare or recovery system, such as older landfills 
with very low gas generation (typically >30 years since closure).  Taking this and the above 
table into consideration, IWMB recommends a goal for this category at 0.5 MMTCO2 by 2020, 
targeting landfills with greater than 500,000 tons waste-in-place.   Some of the landfills currently 
identified as having potential to install flares may stop generating significant landfill gas between 
now and 2020.  Other landfills will add waste to fall into the >500,000 ton category and it is 
assumed for the purposes of this analysis that landfills falling into this category will balance 
those falling out.   

Emissions controls for landfill gas are primarily driven by federal NSPS/EG and local district 
requirements for control of Non-methane Organic Chemicals (NMOCs).  Several of the larger 
landfills in this category have landfill gas control systems utilizing carbon adsorption that remove 
NMOCs but not methane.  ARB could consider regulations to restrict the use of carbon 
adsorption systems at the larger landfills to increase flare-based systems that would also 
destroy methane.  IWMB estimates that 0.2 MMTCO2 in reductions could be achieved from 5 
landfills with greater than 1 million tons and 150 scfm methane generation each if such landfills 
were required to replace carbon adsorption control systems with flare systems.  However, these 
landfills are active and may reach a size within several years where carbon adsorption is no 
longer feasible and replacement with flares will occur voluntarily.  Therefore, ARB may 
determine that the potential reductions are too small to warrant such requirements. 

Increase Energy Recovery from Landfill Methane  

Potential energy recovery on an electricity conversion basis from landfill methane capture was 
recently analyzed by the California Biomass Collaborative (CEC Pier Collaborative Report 
Contract 500-01-01; reports April and June 2005).   
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In 2005, the net electrical energy production from landfill gas was estimated at 2.1 billion kWh or 
2,100 GWh (242 MWe) and that the potential (or net technical potential) production is 4.3 billion 
kWh or 4,300 GWh (500 MWe).  Although the Biomass Collaborative projects that the resource 
base for landfill methane recovery will increase in the future, the proposed emissions reductions 
from LFGTE offsets is the 2005 difference between the current production and potential 
production.  Therefore, the total potential increase in landfill methane recovery from a 2005 
resource base is 2.2 billion kWh (2,200 GWh) proportionally allocated by year to 2020 (increase 
per year by 147 million kWh (147 GWh)).  If production was 100 MWe in 1990, offsets between 
1990 and 2005 would be 1.2 billion kWh or 1,200 GWh (142 MWe).  For the purposes of this 
analysis, landfill gas to direct use or vehicle fuel is not separated but would be proportioned 
separately from the total 2.2 billion kWh (2,200 GWh) when production occurs.  

Each additional 174 million kWh or 174 GWh (20 MWe) in landfill gas to energy production 
capacity would result in an offset emissions reduction of 0.1 MMTCO2E (5,000 TCO2E per 1 
MWe).  The offset reduction factor is based on the displaced fossil fuel assuming natural gas 
based electricity which has relatively low carbon intensity to other fossil fuels.  Consideration of 
electricity imports would increase the offset factor because imported electricity (22-32% of total 
electrical energy used) is primarily coal-based which has a high carbon intensity.    

Increase Landfill Methane Capture Efficiencies 

An overall 15% increase in landfill methane capture efficiency would result in a total emissions 
reduction of 1.3 MMTCO2E assuming baseline emissions of 8.4 MMTCO2E (2004 CEC 
baseline), 75% capture for landfills with methane destruction control systems, and 10% capture 
for landfills without such control systems.  For the purposes of this analysis, the 15%/1.3 
MMTCO2E goal is initially proposed as a reasonable goal for this implementation category.  
However, if the current CEC study and other direct measurements at landfills confirm 
significantly different capture frequencies than assumed, the proposed reduction goal may 
warrant adjustment.  Recent direct measurement projects at Southern California landfills have 
concluded capture efficiencies over 95%.  If higher capture frequencies with existing control 
systems is proven, then the reduction goals and baseline inventories of landfill methane 
emissions would warrant adjustment lower. 

 

8. Costs and Cost Savings: 
It is important to note that costs and cost savings for landfill methane capture may vary 
significantly based on site- and technology-specific factors.  For the purposes of this analysis, 
costs are estimated in 2005 real dollars and savings estimates for the table left for ARB to 
establish based on a standard per kWh basis.  The cost tables for installing new systems and 
increasing landfill gas recovery are broken out separately.  Uncertainties cannot be quantified 
but are expected to be at least ±25%.  ARB (1990) assumes that replacement of control 
systems would occur every 15 years.  However, IWMB staff is unaware of any comprehensive 
evaluation of the useful life of such systems.  In practice, many landfill gas control and recovery 
systems constructed in the 1980s and early 1990s continue to function adequately without the 
need for full replacement.  

The landfill gas extraction well field, header system, and flare would normally be required as a 
backup for any gas recovery systems for electricity production, direct use, or vehicle fuel.  
Therefore, costs for a recovery system would be in addition to the extraction and flare system 
costs.  In most cases, the extraction system and flare are already constructed and the recovery 
system added on later. 

 August 24, 2007 Page 9 

Attachment B   Page  130



For Public Review and Comment 

Ranges of cost estimates for site specific landfill gas control and recovery systems are 
summarized below and derived from: 

• Economic and Financial Aspects of Landfill Gas To Energy Project Development in 
California (SCS Engineers, Publication # 500-02-020F). April 2002. 
http://energy.ca.gov/reports/2002-04-08_500-02-020F.PDF 

• Suggested Control Measures for Landfill Gas Emissions, Air Resources Board, 
September 13, 1990 (ARB 1990).  

The basic costs estimated for landfill gas collection and control systems include: 

$10,000 to $20,000 ($15,000 typical) capital costs per acre and $400 to $900 ($650 typical) 
operations and maintenance (O&M) costs per acre for the extraction well field and header 
system; and  

$350 to $450 capital cost per scfm and $20 to $30 per scfm per year O&M costs for the blower 
and flare system.  

For general estimation purposes, a typical 1 million ton landfill would have a waste footprint of 
55 acres and total gas flow of 250 scfm.  Assuming a 50% methane content, 250 scfm landfill 
gas is equivalent to 3.75 MMBtu per hour in energy content and 0.025 MMTCO2E. 

Assuming high end of the cost ranges, the new control system cost estimated for the typical 
landfill would be: 

• $1,212,500 (capital) or $48.50 per TCO2E  

• $57,000 (O&M per year) or $2.30 per TCO2  
Capital costs for conversion of carbon adsorption systems to flare systems would be 
approximately 50% lower because the extraction well field, header, and blower systems would 
for the most part expect to be already in-place. 

The total cost of landfill gas to energy systems estimated on an energy basis is approximately 
$0.90 per MMBtu ranging from $0.60 to $1.20 per MMBtu.  The total costs per kW range from 
3.4¢ to 10¢.  For the purposes of this analysis, the capital and O&M costs are assumed at the 
high range for reciprocating engines which is 5.3¢ per kWh (capital) and 2.0¢ per kWh (O&M).   

The summary of landfill gas recovery costs on a per TCO2E offset basis is: 

• $97.50 per TCO2 (capital) 

• $36.75 per TCO2 (O&M) 
Cost savings would be revenue if landfill gas is recovered and sold as electricity, direct use gas, 
or vehicle fuel.  The sale revenue (e.g. price paid per kWh) varies based on the project specific 
agreements with utilities and other factors such as avoided costs for natural gas, vehicle fuel, or 
electricity at the time the agreement is reached and the term of the agreement.  Projected 
revenue is not included in this analysis but in general ranges from approximately $0.03-$0.07+ 
per kWh.  Additional costs for recovery systems may include offsets, additional emissions 
control devices required for priority pollutants and long-term replacement costs.  Additional 
revenues such as subsidies and tax deductions will vary on a site specific basis.  

Landfill Gas to Vehicle Fuel 

Landfill gas to vehicle fuel technologies are under development but show considerable promise.  
CNG project cost information is limited but in general estimated to be similar to the Pipeline 
Quality landfill gas recovery, without associated costs for the fueling station and distribution 
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system.  The County Sanitation Districts of Los Angeles has been producing CNG vehicle fuel 
from landfill gas (250 scfm inlet landfill gas at 55% methane) at the Puente Hills Landfill.  The 
total cost of the Puente Hills CNG facility was approximately $1 million.  At full production the 
facility is capable of producing clean fuel at an equivalent gasoline cost of $0.50 per equivalent 
gallon of gas.  In Sonoma County, a CNG project funded at a level of $600,000 will result in a 
system to fuel 6 buses.  In this case the County already has the well field and blower/flare 
station.  They intend in the future to potentially expand CNG production and possibly include a 
pipeline from the landfill to the County's refueling station.   

Landfill gas to LNG takes yet another step than the technical sequence from landfill gas to 
CNG.  Prometheus Energy, Inc. is currently in shakedown phase of the first full scale landfill gas 
to LNG project in California located at the Orange County Frank R. Bowerman Landfill.  Waste 
Management Inc. and CryoEnergy have proposed and are seeking funding assistance for a 
demonstration project at the Altamont landfill that would produce 12,400 gallons per day of LNG 
for heavy-duty trucks.  The total capital cost for the Altamont project is estimated at $13-15 
million.   

Additional Control Measures 

Additional landfill gas control measures to increase capture efficiencies are subject to ongoing 
research.  Therefore, costs and benefits are not yet established.  Examples could include 
operational and design changes for control systems, early partial final cover systems, and 
compost use in cover soils.  Operation changes may slightly increase control system capital and 
O&M costs but lead to significant increase in methane capture.  Construction of partial final 
cover systems on landfills in California has substantially increased in recent years and it is 
expected that these systems may increase capture efficiencies.  Nominal costs on the average 
per landfill footprint acre for final cover systems are approximately $50,000 (alternative 
monolithic systems), $100,000 (compacted clay), $125,000 (geosynthetic clay/GCL), and over 
$200,000 (geomembrane based systems).  Compost blending in cover soils is estimated to cost 
approximately $5,000 per footprint acre if purchased and transported from an offsite supplier, 
and less than $5,000 per footprint acre if produced onsite.  Costs for early final cover systems 
would be negligible because they are required anyway upon full site closure and construction 
earlier in the landfill life to avoid landfill methane emissions would offset those future costs. 

Other Studies 

An analysis of costs and GHG reduction benefits of methane capture options is included in the 
following CEC study performed by ICF Consulting: Emission Reduction Opportunities For Non-CO2 
Greenhouse Gases in California (July 2005) (www.energy.ca.gov/2005publications/CEC-500-2005-
121/CEC-500-2005-121.PDF).  

ICF analyzed recovery of landfill gas, including potential revenue from the sale of electricity and 
direct use.  The ICF study concluded that California in 2020 could achieve 1.28 and 2.44 MMTCO2 
in reductions from landfill gas recovery under two discount rate and tax rate scenarios at a break-
even cost equal to or less than zero.  Assumptions included projected sale prices of electricity of 
$0.045 per KWh and direct gas at $4.5 per MBtu. The term “break-even” price refers to the price at 
which an entity (e.g., landfill operator) can be expected to be financially indifferent as to whether to 
institute an option.  A break-even price of zero is considered to represent the reductions that can be 
achieved with no net cost.  A break-even cost less than zero indicates net savings.  A break-even 
cost greater than zero indicates net costs and the option would not be worthwhile unless external 
values were “attached” to the emission reduction.  The external value may include tax relief, 
rebates, reduction credits, or other incentives. 
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Based on IWMB staff review, the ICF study assumed a high proportion of waste in smaller landfills 
that estimated from subsequent IWMB compilation and calculated costs for recovery projects from 
landfills that would normally be too small for such projects.  In addition, the ICF study appeared to 
not distinguish gas recovery from gas that would be flared anyway without recovery and did not 
include other cost barriers such as the costs for emissions offsets and added control systems for 
priority pollutants.   

 

9. Other Benefits:   

Increasing capture of landfill methane may remove additional NMOCs that would otherwise be 
emitted and may slightly increase criteria pollutant emissions such as NOx and CO.  In addition, 
recovery systems such as reciprocating engines may slightly increase criteria pollutants as 
compared to just flaring the gas.  If offset of criteria pollutants from displaced power sources is 
considered it is expected that the difference between flares and recovery systems would be 
negligible.  Quantification of potential benefits of increasing landfill methane on reducing 
explosive gas migration, odors, and water quality impacts is not available. 

 

10. References:  
CEC/Biomass Collaborative Report (April 2005): 
http://www.energy.ca.gov/2005publications/CEC-500-2005-066/CEC-500-2005-066-D.PDF  
 
Economic and Financial Aspects of Landfill Gas To Energy Project Development in California 
(SCS Engineers, Publication # 500-02-020F). April 2002. http://energy.ca.gov/reports/2002-04-
08_500-02-020F.PDF 

 
Emission Reduction Opportunities For Non-CO2 Greenhouse Gases in California (July 2005) 
(Page 28) www.energy.ca.gov/2005publications/CEC-500-2005-121/CEC-500-2005-121.PDF 
 
Inventory of California Greenhouse Gas Emissions and Sinks: 1990 to 2004 (October 2006); 
www.energy.ca.gov/2006publications/CEC-600-2006-013/CEC-600-2006-013-D.PDF 
 
Suggested Control Measures for Landfill Gas Emissions, Air Resources Board, September 13, 
1990 (ARB 1990).  
 

U.S. EPA Landfill Methane Outreach Program (LMOP) website: www.epa.gov/lmop/. 
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Detailed Strategy Goals Table 
Strategy:      Landfill Methane Capture 
Agency:      IWMB 
Affected Entities:    See in Section 3 
Implementation Approach:  Information Program 
 

Year 

Strategy Goals as Defined by the Strategy Metrics 

Primary Metric 
(% Total Waste-In-
Place with Control 

Measures) 

Other Metrics 
Metric 2 

Cumulative Increase 
in LFGTE Production 

Capacity (in GWh)   

Metric 3 
(to address 

Increase Capture 
Efficiencies) 

Metric 4 
(as needed) 

2005 93.5% NA tbd  
2006 94% 147 GWh tbd  
2007 94.5% 294 tbd  
2008 95% 441 tbd  
2009 95.5% 588 tbd  
2010 96% 735 tbd  
2011 96.5% 882 tbd  
2012 97% 1029 tbd  
2013 97.5% 1176 tbd  
2014 98% 1323 tbd  
2015 98% 1470 tbd  
2016 98% 1617 tbd  
2017 98% 1764 tbd  
2018 98% 1911 tbd  
2019 98% 2058 tbd  
2020 98% 2205 tbd  
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:      Landfill Methane Capture 
Agency:      IWMB 
Affected Entities:    See Section 3 
Implementation Approach:  Information Program 

 

Year 

Greenhouse Gas Emission Reductions 

Emission Reduction 
Increased energy production from recovery of 

landfill gas 

CO2 

Methane 
in 

MMTCO2E  GWh   
2005       
2006  0.2  147   
2007  0.4  294   
2008  0.6  441   
2009  0.8  588   
2010  1.0  735   
2011  1.2  882   
2012  1.4  1029   
2013  1.6  1176   
2014  1.8  1323   
2015  2.0  1470   
2016  2.2  1617   
2017  2.4  1764   
2018  2.6  1911   
2019  2.8  2058   
2020  3.0  2205   

Uncertainty  ±25%  ±25%   
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Detailed Cost Table 
Strategy:      Landfill Methane Capture 
Agency:      IWMB 
Affected Entities:    See Section 3 
Implementation Approach:  Information Program 

Lifetime:     15 year minimum (see Section 8 Costs and Cost Savings) 

 

Year 

Cost Estimates 

Capital 
Costs (New 

Flare 
Control 

Systems) 

Operating 
Costs 

(New Flare 
Control 

Systems) 
Cost 

Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Fuel 1   
2005 NA NA NA NA   
2006 $2,700,000 $128,000 NA NA   
2007 $5,400,000 $256,000 NA NA   
2008 $8,100,000 $384,000 NA NA   
2009 $10,800,000 $512,000 NA NA   
2010 $13,500,000 $640,000 NA NA   
2011 $16,200,000 $768,000 NA NA   
2012 $18,900,000 $896,000 NA NA   
2013 $21,600,000 $1,024,000 NA NA   
2014 $24,300,000 $1,152,000 NA NA   
2015 $0 $0 NA NA   
2016 $0 $0 NA NA   
2017 $0 $0 NA NA   
2018 $0 $0 NA NA   
2019 $0 $0 NA NA   
2020 $0 $0 NA NA   

Uncertainty ±25% ±25%      
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Detailed Cost Table 
Strategy:     Landfill Methane Capture 
Agency:      IWMB 
Affected Entities:    See Section 3 
Implementation Approach:  Information Program 

Lifetime:     15 year minimum (see Section 8 Costs and Cost Savings) 

 

Year4 

Cost Estimates 

Capital Costs 
(Landfill Gas 

Recovery 
Systems) 

Operating Costs 

(Landfill Gas 
Recovery 
Systems) 

Cost 
Savings 

Electricity Production (GWh) 

Electricity Fuel 2 Fuel 3 
2005       
2006 $7,800,000 $2,940,000 NA 147    
2007 $15,600,000 $5,880,000 NA 294   
2008 $23,400,000 $8,820,000 NA 441   
2009 $31,200,000 $11,760,000 NA 588   
2010 $39,000,000 $14,700,000 NA 735   
2011 $46,800,000 $17,640,000 NA 882   
2012 $54,600,000 $20,580,000 NA 1029   
2013 $62,400,000 $23,520,000 NA 1176   
2014 $70,200,000 $26,460,000 NA 1323   
2015 $78,000,000 $29,400,000 NA 1470   
2016 $85,800,000 $32,340,000 NA 1617   
2017 $93,600,000 $35,280,000 NA 1764   
2018 $101,400,000 $38,220,000 NA 1911   
2019 $109,200,000 $41,160,000 NA 2058   
2020 $117,000,000 $44,100,000 NA 2205   

Uncertainty ±25% ±25%  ±25%   
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Strategy Update Summary Table 
Strategy:      Landfill Methane Capture 
Agency:      IWMB 
Affected Entities:    See Section 3 
Implementation Approach:  Information Program 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 96% total waste-in-place 

under control and 735 
GWh electricity equivalent 
increase in production from 

additional recovery 

98% total waste-in-place 
under control and 2210 

GWh electricity equivalent 
increase in production from 

additional recovery 

NA 

Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not associated with 
fossil energy combustion) 

1.0 3.0  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season 
and time of day if possible] 

735 GWh in additional 
electricity equivalent 

production 

2210 GWh in additional 
electricity equivalent 

production 

NA 

Substitution of non-fossil electricity production 
(GWh) [by season and time of day if possible] 

NA NA NA 

Change in transportation fossil fuel consumption (by 
fuel type) 

NA NA NA 

Change in stationary fossil fuel consumption (by fuel 
type) 

NA NA NA 

Cost and Cost Savings 
Capital costs and lifetime $13,500,000 (new control 

systems) 
$39,000,000 new recovery 

systems 
 

$24,300,000 new control 
systems (2014) 

$117,000,000 (new 
recovery systems) 

NA 

Annual operating costs and savings $640,000 (new control $1,152,000 new control NA 
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Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
systems) 

$14,700,000 new recovery 
systems 

 

systems (2014) 
$44,100,000 (new 
recovery systems) 

Electricity & fuel consumption impacts (in energy units) 735 GWh in additional 
electricity equivalent 

production 

2210 GWh in additional 
electricity equivalent 

production 

NA 

Other Benefits 
List other benefits that can be quantified NMOC reduction and 

criteria pollutant emissions 
analysis in progress 

NMOC reduction and 
criteria pollutant emissions 

analysis in progress 

NA 

Uncertainty Estimated at least ±25%. 
Comments  NA 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy: Zero waste – High Recyling 
 
2. Agency:  California Integrated Waste Management Board 
 

Lead staff contacts:  Brenda Smyth 
 

3. Strategy Description:1 
Overview 
Climate change emissions resulting from solid waste management have been identified as one 
of the major sources of global warming.  Methane accounts for roughly 6 percent of the climate 
change emissions in California.  Methane is produced from anaerobic decomposition of organic 
materials in landfills which are the source of the majority of anthropogenic methane emissions in 
California and in the United States.  Although over 90% of the waste disposed of in California 
goes to landfills with landfill gas control technologies, diverting organic waste from landfills to 
beneficial use can provide significant reduction of climate change emissions through landfill 
methane avoidance and beneficial offsets.  Carbon-based organic materials comprise 70 
percent of the waste stream.  Organic materials can be a resource by removing them from the 
waste stream and using them as feedstock for compost and mulch facilities and conversion 
technologies (CT).   
 
Additional reductions in climate change emissions can be realized from solid waste 
management by recovering traditional recyclable materials from the waste stream.  Traditional 
recyclable materials have significant intrinsic energy value that becomes beneficial offsets when 
introduced back into the manufacturing cycle.  There are 7.5 million tons per year of cardboard, 
paper, glass, and metals that can be recovered from the waste stream and recycled back into 
the respective products.   
 
The CAT has identified three strategies related to solid waste management to reduce climate 
change emissions.  Two of the strategies are waste diversion related:  achieving the 50 percent 
Statewide Recycling Goal and increasing waste diversion beyond the 50 percent goal through 
the Zero Waste – High Recycling strategy.  The third strategy identified by CAT is to increase 
landfill methane capture.  The 50 percent Recycling Goal strategy has already been 
successfully completed based on recent verification of 52 percent diversion rate for 2005.  
 
The Zero Waste – High Recycling strategy will target reductions by further increasing the 
diversion of organic materials from landfills to beneficial use and by additional increases in the 
recovery of traditional recyclable materials.  The Zero Waste – High Recycling strategy reduces 
emissions by avoiding methane emissions at landfills, increasing carbon sequestration and 
other beneficial offsets of compost and mulch, reducing fossil fuels through production of 
biofuels and other CT products, and reducing energy use associated with the harvesting of 
virgin materials that are replaced with recyclable materials. 
 

                                                 
1 There have been developments in this strategy since the time this analysis was prepared.  This analysis 
does not reflect those recent developments. 
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Affected Entities 
The entities that will be directly affected by the Zero Waste – High Recycling strategy are waste 
management organizations and customers.  The primary waste management organizations 
would be the owners/operators of compost and mulch facilities, CTs, and recycling processors.  
Secondary affected entities would be the customers that use those facilities.  At this time, 
secondary entities would not include the consumers who purchase products from these facilities 
as downstream market impacts are not being considered for this analysis.  Likewise, upstream 
impacts are not included.  Therefore, landfill operators/owners, waste haulers, and waste 
generators, i.e. major residential, business, and industrial sectors are not included in this 
analysis either.   
 
There are approximately 202 compost and mulch facilities throughout the State of California that 
could be instrumental in processing additional organic materials diverted from the landfills by the 
Zero Waste – High Recycling strategy.  There are 117 composting facilities and 85 mulch 
facilities that processed roughly 10 million tons of organic materials in 2003, one-half of the 
material being composted and the other one-half being processed at chipping and grinding 
facilities.  Approximately 2 million tons of the total 10 million tons processed were used as 
Alternate Daily Cover (ADC) at landfills. 
 
There are only a few CT facilities in the State, none of which are operating on a commercial 
basis.  The Integrated Environmental Solutions pyrolysis facility located in Romoland in 
Riverside County is a pilot-scale facility that is operating on an intermittent basis while gathering 
data for their air permits.  Also, there is an anaerobic digestion research pilot facility that is 
operating at the University of California, Davis campus.  In addition, there are a few jurisdictions 
that are considering pursuing CT facilities for waste management.  The City of Los Angeles, the 
County of Los Angeles, and the County of Santa Barbara are actively investigating proposals for 
various types of CT.  SMUD is considering alternatives for renewable energy production from 
food waste and the organic fraction of the municipal waste stream.  
 
There is no information on the number of recyclers in the State and the total amount of materials 
they are processing.   
 
Related Objectives 
The Zero Waste – High Recycling strategy will achieve objectives other than the reduction of 
greenhouse gas emissions.  Achieving 50 percent diversion of waste from landfills was 
motivated primarily by the mandate of AB 939 but has also resulted in significant greenhouse 
gas emissions reductions.  However, this strategy of Zero Waste – High Recycling moves 
beyond the 50 percent mandate and therefore is motivated primarily by its greenhouse gas 
emissions reductions.  At the same time, there are multiple benefits that result from the 
diversion of additional waste from landfills.   
 
For this strategy, greenhouse gas emissions reductions are achieved by avoided methane 
emissions at landfills, recycling materials which reduces energy use, replacement of fossil fuels 
with renewable biofuels, energy savings, and other beneficial offsets such as reduced water 
consumption and fertilizer and pesticide use that translate into greenhouse gas emissions 
reductions in a life cycle assessment.   
 
There are additional benefits that result from diverting waste from landfills, especially the 
organic portion of the waste stream, such as reduced leachate production at landfills, reduced 
impacts on groundwater, and reduced landfill capacity requirements. 
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There are several other initiatives that will be furthered by the diversion of organic materials 
from landfills and their processing or conversion to beneficial products such as green 
procurement mandated in the Green Building Action Plan, Executive Order S-06-06 on biofuels 
and bioenergy, the California Biomass Collaborative, and acceleration of the Renewable 
Portfolio Standard (RPS). 
 
Strategy Metrics 
Proposed metrics for the Zero Waste – High Recycling strategy include: 

• The primary metric will be tons of waste diverted to recycling, composting, and CT.  
Additional related metrics include the number and size of facilities and the types and 
amounts of products produced. 

• Secondary metrics might include the measurement or calculation of the beneficial offsets 
such as reduced water consumption or fertilizer use and the associated energy reduction 
from not having to pump the water or manufacture the fertilizer. 

• Additional metrics could be tracked as milestones, for example, first commercial CT 
facility constructed and operable, achieving Caltrans green procurement goals for 
compost and mulch use, etc. 

 
Strategy Goals and Implementation Approaches 
The overall greenhouse gas emissions reduction goals for the Zero Waste – High Recycling 
strategy is 3.0 MMTCO2E by 2020.  This overall reduction goal will be achieved through a 
combination of diversion measures primarily comprised of: 

• increased recycling of traditional recyclable materials,  
• increased diversion of organic materials to compost and mulch facilities, and  
• diversion of organic materials to CT facilities.   

 
The relative proportions of each of these diversion measures in terms of the overall goal is 
difficult to assess until CIWMB has completed a Life Cycle Assessment (LCA) for organic 
materials and a regional economic analysis for all proposed diversion measures.  These studies 
have been approved and will be commencing in 2007.  The ultimate goal of these studies is to 
identify cost-effective organics diversion program activities along with recycling strategies that 
can achieve optimum diversion with maximum greenhouse gas (GHG) emission reductions.   
 
In the interim until these LCA and economic studies can be completed, this climate strategy 
cost-benefit update assumes relative proportions of each of the diversion measures based on 
existing knowledge of the recycling infrastructure, growth in the compost/mulch industry, and 
existing CT proposals.  It also recognizes that there are significant uncertainties in the 
assumptions that will need to be addressed in the future. 
 
The main implementation approach for all three diversion measures will be information 
programs directed to the communities, businesses, and industrial sectors of the affected 
entities.  Since the CIWMB is not anticipating any mandatory legislation, the diversion measures 
will not be mandated programs and as such the greenhouse gas emissions reduction goals are 
justifiably lower than their full potential if the programs were mandatory.  The information 
programs will be designed to focus on the potential greenhouse gas emissions reductions, 
energy savings, other cost-benefit information, and regional considerations that will make the 
various diversion measures attractive to interested and affected entities.  Much of this 
information will be developed by the CIWMB’s project to complete the Life Cycle Assessment 
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(LCA) for organic materials and a regional economic analysis for all proposed diversion 
measures.  
 
A supplemental implementation approach will be through state procurement especially in the 
areas of increasing market demand for compost and mulch products.  The implementation of 
the CT diversion measure may also have some state procurement aspects depending on the 
ultimate types of CT technologies that are implemented, e.g. encouraging state procurement of 
biofuels produced from CTs.  

 
Implementation Approaches Goals 

Information program  
(communities/businesses) 

Recover 863,000 tons per year of recyclable 
materials from the waste stream by 2020 

Information program  
(communities/businesses) 

State procurement 

Divert 725,000 tons per year of organic 
materials to produce compost and mulch by 
2020 

Double Caltrans use of compost/mulch by 
2010. 

Information program with 
incentives  

Divert 3,285,000 tons per year by 2020 by 
processing organic materials in CT facilities 
pending goals established by the Statewide 
Bioenergy Action Plan. 

 

4. Technology: 
The technologies used to achieve the diversion measures that make up the Zero Waste – High 
Recycling Strategy are for the most part existing technologies for separating and processing 
waste components.  For the recycling and compost/mulch diversion measures, this 
infrastructure and technology is already in place and the proposed diversion measures would be 
to expand the current practices to process additional materials from the waste stream.   
 
For the CT diversion measure, CT technologies are well-known and there are some CT facilities 
in locations outside California.  There are a few research or pilot CT projects in California.  
There are a variety of types of CT technologies that include thermal and biochemical processes 
ranging from pyrolysis, gasification, hydrolysis, and others.  Each type of CT technology has its 
own advantages and disadvantages and preferred type of organic feedstock.  CT technologies 
need to be commercialized in California and the cross media issues need to be resolved, 
especially with respect to air permit issues for CT.  Environmental justice issues may also need 
to be addressed when locating and permitting new facilities. 
 
For this analysis, the CT strategy will assume that all projected CT facilities will be anaerobic 
digestion facilities.  Currently, anaerobic digestion is already defined in the CIWMB regulations, 
there are some small-scale existing facilities, it is widely recognized and accepted, we have 
existing emission, energy and cost data, and it is likely one of the types of CT technologies with 
the fewest obstacles to being implemented initially.  For these reasons, this assumption is made 
at this point in time but will need to be updated as CT policies are determined and as other 
types of CT technology penetrate the California market in a commercial setting. 
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5. Statutory Status: 
The CIWMB currently has the authority to implement the information program approach 
advocated for the diversion measures chosen to meet the Zero Waste – High Recycling 
Strategy.  The only statutory modification that might be needed is to determine if CT 
technologies need to be regulated and if so, regulations would need to be developed for the CT 
diversion measure.  Policy decisions that potentially play an important role in the 
commercialization of CT technologies in the state are related to the perspective on regulatory 
authority for CT feedstock, i.e. is it considered waste or resource; compromises with cross-
media issues such as air permits; and environmental justice issues related to permitting and 
siting new facilities.  

 

6. Implementation Steps and Timeline: 
The implementation steps for the three diversion measures that contribute to the overall 
greenhouse gas emissions reduction goal of the Zero Waste – High Recycling Strategy are as 
follows: 

Increase Recycling  

• Enforce and/or modify procurement policies to promote purchase of recycled materials. 

• Work with communities to evaluate the benefits of new recycling programs. 

• Encourage businesses and industry sectors to implement recycling programs based on 
cost-benefit analyses. 

Increase Compost/Mulch 

• Enforce and/or modify green procurement policies for state agencies to increase the 
purchase of compost and mulch. 

• Develop compost specifications for CalTrans. 

• Develop compost/mulch specification for the agriculture industry. 

• Work with state agencies and the agriculture industry to promote the benefits of compost 
and mulch. 

Increase CT 

• Develop CT regulations package if necessary. 

• Establish policy on CT definitions, regulatory authority, cross media issues, and 
environmental justice. 

• Define “best practice” based on studies of diversion options, CT options, and markets. 

• Promote “best practice” to communities. 

 

7. GHG Emission Reductions: 
There are several forms that greenhouse gas emissions reductions will be realized by the 
implementation of the diversion measures for the Zero Waste – High Recycling Strategy.  These 
include: 

• Avoided methane emissions at landfills (minus any greenhouse gas credits due to loss of 
carbon sequestration in the landfill and loss of energy savings from landfill gas recovery) 
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• Net energy savings (MMBtu) from recycling materials (glass, metals, paper, plastic) 

• Carbon sequestration benefits of compost and mulch 

• Additional beneficial offsets of compost and mulch, e.g. reduced water consumption, 
reduced chemical fertilizer usage, etc. 

• Net energy produced (MMBtu) by CT technologies (fossil fuel replacement) 

Most of these forms of greenhouse gas emissions reductions are estimated using the 
environmental calculators such as the WARM model by USEPA and the NERC calculator by the 
Northeast Recycling Coalition.  However, such models only provide rough estimates for the 
organic fraction of solid waste when it is recovered from landfills and processed in composting 
or CT facilities.  These models do not take into consideration the full life cycle assessment of 
beneficial offsets such as chemical fertilizer reductions, water savings, energy savings, and 
fossil fuel replacement.  Additional more refined calculations will be available when the CIWMB 
completes the planned project to conduct life cycle assessment studies for organics.   

For the increased recycling diversion measure, the tonnage and type of recyclables that are 
assumed to be recovered from the landfill are based on the recoverable tons of materials 
identified in the 2004 CIWMB waste characterization study (see references).  Although the 
waste characterization study identifies far more recoverable tons in the landfill, the Zero Waste 
– High Recycling strategy relies on implementation through information programs and no 
legislative mandates.  Therefore, the assumed incremental tonnage of recyclables to be 
recovered by 2010 and 2020 is based on what is considered a reasonable achievement without 
state mandates.  The weighted relative percentages of the types of recyclables projected to be 
recovered are the same weighted relative percentages cited in the waste characterization study.  
The greenhouse gas emissions reductions are calculated for the increased recycling diversion 
measure using the WARM and the NERC environmental calculators which provide an accurate 
estimate for traditional recyclables.   

For the increased composting diversion measure, the tonnage and types of organics that are 
assumed to be recovered from the landfill are similarly based on the recoverable tons of 
materials identified in the 2004 CIWMB waste characterization study.  The assumed incremental 
organics tonnage to be sent to composting facilities works out to be a 1 percent increase in 
existing throughput by 2010 and a 7 percent increase in existing throughput by 2020.  The 
greenhouse gas emissions reductions are calculated for the increased composting diversion 
measure using the WARM and the NERC environmental calculators which provide only a rough 
estimate because a complete life cycle assessment of beneficial offsets is not considered by the 
environmental calculators.  Furthermore, the uncertainty between the calculators is apparent as 
the WARM model estimates 0.17 MTCO2E/Ton waste sent to composting while the NERC 
calculator estimates 0.55 MTCO2E/Ton waste sent to composting for the same mixture of 
organic feedstock.  The greenhouse gas emissions reductions used for this analysis are the 
output estimates from the NERC calculator.   

For the CT diversion measure, the tonnage and types of organics that are assumed to be 
recovered from the landfill are based on CT proposals currently being considered by the City of 
Los Angeles and the County of Los Angeles.  The City of Los Angeles is considering CT options 
and has solicited input for projected tonnages, types, numbers, and sizes of CT facilities through 
the year 2025.  For the purposes of this analysis, the tonnages, numbers, and sizes of CT 
facilities are assumed through 2020 based on the City of Los Angeles’ solicitation.  There is 
significant uncertainty in this assumption because none of these facilities are currently slated to 
be built.  In order to determine types of organic feedstocks and to calculate greenhouse gas 
emissions reductions, further assumptions were made that included assuming that all of the 
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projected CT facilities would be anaerobic digesters.  This assumption was made on the basis 
that currently anaerobic digestion is already defined in the CIWMB regulations, there are some 
small-scale existing facilities, it is widely recognized and accepted, we have existing emission, 
energy and cost data, and it is likely one of the types of CT technologies with the fewest 
obstacles to being implemented initially.  Greenhouse gas emissions reductions were estimated 
using the NERC calculator to determine avoided landfill emissions.  A copy of the NERC 
calculator spreadsheet that documents the CT diversion measure is attached with this analysis.  
Greenhouse gas emission reductions were cross-checked using data from the City of Los 
Angeles and County of Los Angeles reports.  These reports indicated significantly higher 
emissions savings but the feedstocks used for these predictions were based on MSW that 
contains a substantial GHG benefit due to the recoverable portion of recyclables.  Therefore, 
this analysis uses the lower NERC outputs that are estimated for the organic feedstock (does 
not include recyclables).   

Note that the total summation of the estimated greenhouse gas emissions reduction for each of 
the three diversion measures (increased recycling, increased composting, and CT) exceeds the 
total emission reduction reported for the Zero Waste – High Recycling strategy.  This is because 
of the significant uncertainties that are incorporated into the diversion measure estimates at this 
point.  These uncertainties include the inability of existing environmental calculators to 
accurately estimate a full life cycle GHG emission reduction for organics and the unknowns 
related to the relative diversion tonnage for recycling versus composting versus CT.   

 

8. Costs and Cost Savings: 
The costs and cost savings for the Zero Waste – High Recycling strategy were analyzed for the 
three proposed diversion measures separately since each measure has a unique set of 
assumptions.  Also, since the relative diversion tonnage allocated to each diversion measure 
has significant uncertainties, i.e. how much waste will be diverted to recycling versus 
composting versus CT, it will be easier to estimate shifts in costs and cost savings for any shifts 
in tonnage between diversion measures when the plans are actually implemented.  The general 
cost savings considered for this economic exercise is primarily avoided landfill expenses 
expressed as $/ton tipping fee multiplied by the number of tons that are diverted from the landfill 
to beneficial use.  The $/ton tipping fee is assumed to be an average of $40/ton statewide based 
on surveys conducted in 2000.  This number is somewhat dated and therefore likely 
underestimated; however, it is the most recent information found at this point.  This number 
should be revised as more updated information becomes available.  

For the increased recycling diversion measure, the cost savings are considered to be avoided 
landfill expenses and are a straightforward calculation of tons diverted multiplied by the landfill 
tipping fee of $40/ton.  The costs of recycling are based on information from two economic 
reports that identify an extremely broad range as the cost per ton to process recyclables 
diverted from the landfill (“The Economic Impact of Waste Disposal and Diversion in California” 
and “California Recycling Economic Information Study”).  Note that for this economic exercise it 
was arbitrarily assumed that the costs of recycling would be $55/ton, a number within the 
extremely broad range identified by the reports.  At $55/ton, the costs of recycling exceed the 
cost savings for recycling potentially making this diversion option look undesirable on paper.  
However, if the lower end of the broad range of recycling costs is assumed, then the costs of 
recycling would be $35/ton.  When contrasted to the avoided landfill tipping fee of $40/ton, the 
lower end cost of recycling becomes a highly attractive diversion option.  In addition, regional 
constraints play an important role in determining the economic viability of recycling programs.  
For example, the upper range of landfill tipping fees in the year 2000 was $85/ton; in 1999 it 
was $110/ton.  So in areas of the state where it is very costly to dispose of waste and the 
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recycling collection infrastructure is already in place, it is reasonable to assume economic viable 
recycling diversion programs.   

For the increased composting diversion measure, the cost savings are similarly considered to 
be avoided landfill expenses and are again a straightforward calculation of tons diverted 
multiplied by the landfill tipping fee of $40/ton.  The costs of composting are based on an 
assumed average tipping fee for composting of $20/ton.  It is important to note that there are 
significant regional differences, e.g. generally higher tipping fees in the Bay Area, lower in Los 
Angeles and the Central Valley.  Additionally, the posted tipping fee or gate rate can be wildly 
different from the contract rate, and at many facilities the majority of tons are received under the 
contract rate.  Overall, the tipping fee for composting is lower than the landfill tipping fee.  As 
with recycling, the economic viability of composting is regionally dependent. 

For the CT diversion measure, the economics are based on capital and O&M costs identified in 
a report prepared for the City of Los Angeles that includes information on the costs and cost 
savings for anaerobic digestion facilities (“Evaluation of Alternative Solid Waste Processing 
Technologies”).  A linear relationship based on tonnage throughput was assumed to calculate 
the capital costs and O&M costs for the tonnage assumed in the CT diversion measure.  Note 
that these costs are likely upper bound estimates because the economics in the City of Los 
Angeles report are specific for smaller sized facilities that handle black bin waste or municipal 
solid waste.  These types of feedstock would require additional front-end processing equipment 
to remove recyclables before sending the remaining organic wastes to the anaerobic digester.  
Therefore, the capital and O&M costs identified by the reports would likewise include additional 
expenses.  However, the feedstock assumed for the CT diversion measure is based on already 
separated organic materials that do not require the additional front-end equipment and 
processing.  In addition, the linear relationship used to scale up facility throughput from the Los 
Angeles reports to the CT diversion measure would not consider economies of scale.  Revenue 
from sale of recyclables is not transferable between the two examples and is therefore not 
claimed in the cost savings for the CT diversion measure.   

The CT diversion measure receives additional benefits from the production of electricity from the 
anaerobic digesters.  The energy production is reported as kWh and is based on information 
from the City of Los Angeles report and is confirmed by data from the UC Davis Anaerobic 
Digestion Plant, a pilot scale facility that is currently operating in Davis, California.   No 
assumptions were made for the lifetime of the capital investment.   

The costs and cost savings for the CT diversion measure are projected in a step-change 
function based on a projected construction and expansion schedule of six total anaerobic 
digesters.   

 
9. Other Benefits:   
For this strategy, greenhouse gas emissions reductions are achieved by avoided methane 
emissions at landfills, recycling materials which reduce energy use, replacement of fossil fuels 
with renewable biofuels, energy savings, and other beneficial offsets such as reduced water 
consumption and fertilizer and pesticide use that translate into greenhouse gas emissions 
reductions in a life cycle assessment.  There are additional benefits that result from diverting 
waste from landfills, especially the organic portion of the waste stream, such as reduced 
leachate production at landfills, reduced impacts on groundwater, and reduced landfill capacity 
requirements. 
 
The co-benefits of reduced energy consumption include reduced emissions of criteria pollutants, 
reduced strain on the electricity grid, and other factors.  The reduced emissions of criteria 
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pollutants are computed using a standard set of emissions factors across all the strategies, and 
are presented separately. 
 
10. References:  
 
“Second Assessment of California’s Compost- and Mulch-Producing Infrastructure”, May 2004, 
Integrated Waste Management Consulting. 
 
“Statewide Waste Characterization Study”, December 2004, Cascadia Consulting Group, Inc. 
 

WARM Model:  
http://yosemite.epa.gov/oar/globalwarming.nsf/content/ActionsWasteWARMUsersGuide.html.  

 

NERC Model:  http://www.nerc.org/documents/aboutcalc.html.  

 

“Life Cycle and Market Impact Assessment of Noncombustion and Waste Conversion 
Technologies”, December 2005, RTI International. 

 

“Recovering Energy, Natural Resources, and Economic Benefit from Waste for LA, A Resource 
Management Blueprint for the City of Los Angeles, 2005 – 2025”, Los Angeles Councilman 
Greig Smith, June 2005. 

 

“Conversion Technology Evaluation Report”, URS, August 18, 2005, Prepared for the County of 
Los Angeles Department of Public Works and the Los Angeles County Solid Waste 
Management Committee/Integrated Waste Management Task Force’s Alternative Technology 
Advisory Subcommittee. 

 

“The Economic Impact of Waste Disposal and Diversion in California”, George Goldman and 
Aya Ogishi, University of California, Berkeley, April 4, 2001. 

 

“California Recycling Economic Information Study”, prepared by the National Recycling 
Coalition for the USEPA in association with R.W. Beck, Inc., July 2001. 

 

Landfill Tipping Fee Surveys:  http://www.ciwmb.ca.gov/landfills/tipfees/TFSums.htm 

 

“Evaluation of Alternative Solid Waste Processing Technologies”, URS Corporation, September 
2005, Prepared for the City of Los Angeles Department of Public Works Bureau of Sanitation. 
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Detailed Strategy Goals Table 
Strategy:   Zero Waste – High Recycling 
Agency:   California Integrated Waste Management Board 
Affected Entities:   Recycling processors, MRF operators/owners, customers who 
source separate recyclables and/or drop off recyclables, customers who deliver waste streams 
to the facilities for processing/recycling 
Implementation Approach:  Increased recycling 

 

Year 
Primary Metric 

Tons of Recyclables 
2005  
2006  
2007  
2008  
2009  
2010 215,804 
2011 280,545 
2012 345,286 
2013 410,028 
2014 474,769 
2015 539,510 
2016 604,251 
2017 668,992 
2018 733,734 
2019 798,475 
2020 863,216 
Full 

Implementation 
Year 

863,216 
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Detailed Strategy Goals Table 
Strategy:      Zero Waste – High Recycling  
Agency:      CIWMB 
Affected Entities:    Owners/operators of compost and mulch facilities, customers who 
bring organic materials to the facilities for processing 
Implementation Approach:  Increase diversion of organic materials to produce compost and 
mulch 

 

Year 

Primary Metric 
Tons Organic Material 

Processed 
2005  
2006  
2007  
2008  
2009  
2010 100,000 
2011 162,475 
2012 224,950 
2013 287,426 
2014 349,901 
2015 412,376 
2016 474,851 
2017 537,326 
2018 599,802 
2019 662,277 
2020 724,752 
Full 

Implementation 
Year 

724,752 
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Detailed Strategy Goals Table 
Strategy:      Zero Waste – High Recycling  
Agency:      CIWMB 
Affected Entities:    Owners/operators of CT facilities 
Implementation Approach:  Increase diversion of organic materials to produce beneficial 
products in CT facilities 

 

Year 

Primary Metric 
Tons Organic Material 

Processed 
2005  
2006  
2007  
2008  
2009  
2010 328,500 
2011 328,500 
2012 328,500 
2013 328,500 
2014 328,500 
2015 1,314,000 
2016 1,314,000 
2017 1,314,000 
2018 1,314,000 
2019 1,314,000 
2020 3,285,000 
Full 

Implementation 
Year 

3,285,000 

 

Assumptions:  The tonnage and number of CT plants are based on information in Table 1.3 in the report titled 
“Recovering Energy, Natural Resources, and Economic Benefit from Waste for LA, A Resource Management 
Blueprint for the City of Los Angeles, 2005 – 2025”, Los Angeles Councilman Greig Smith, June 2005.  Additional 
assumptions made are that all of the CT plants would be anaerobic digesters and that the feedstock would be a blend 
of food waste, grass, and yard waste. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:      Zero Waste – High Recycling  
Agency:     CIWMB  
Affected Entities:    Recycling processors, MRF operators/owners, customers who 
source separate recyclables and/or drop off recyclables, customers who deliver waste streams 
to the facilities for processing/recycling 
Implementation Approach:  Increased recycling 

 

Year 
Emission Reduction 

(Million Metric Tons CO2e) 
2005  
2006  
2007  
2008  
2009  
2010 0.66 
2011 0.86 
2012 1.05 
2013 1.25 
2014 1.45 
2015 1.65 
2016 1.84 
2017 2.04 
2018 2.24 
2019 2.43 
2020 2.63 
Full 

Implementation 
Year 

2.63 

Assumptions:  GHG emissions reduction calculations are done using the WARM and NERC models. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:      Zero Waste – High Recycling  
Agency:      CIWMB 
Affected Entities:    Owners/operators of compost and mulch facilities, customers who 
bring organic materials to the facilities for processing 
Implementation Approach:  Increase diversion of organic materials to produce compost and 
mulch 

 

Year 
Emission Reduction 

(Million Metric Tons CO2e) 
2005  
2006  
2007  
2008  
2009  
2010 0.05 
2011 0.09 
2012 0.12 
2013 0.16 
2014 0.19 
2015 0.23 
2016 0.26 
2017 0.30 
2018 0.33 
2019 0.37 
2020 0.40 
Full 

Implementation 
Year 

0.40 

Assumptions:  GHG emissions reduction calculations are done using the WARM and NERC models.  There is some 
level of uncertainty in the calculations for composting versus landfilling organic materials regarding whether or not the 
NERC/WARM calculators give full credit for beneficial offsets such as reduced water usage, reduced chemical 
fertilizer usage, and carbon sequestration in the soils. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:      Zero Waste – High Recycling  
Agency:     CIWMB 
Affected Entities:    Owners/operators of CT facilities 
Implementation Approach:  Increase diversion of organic materials to produce beneficial 
products in CT facilities 

 

Year 
Emission Reduction 

(Million Metric Tons CO2e) 
2005  
2006  
2007  
2008  
2009  
2010 0.21 
2011 0.21 
2012 0.21 
2013 0.21 
2014 0.21 
2015 0.84 
2016 0.84 
2017 0.84 
2018 0.84 
2019 0.84 
2020 2.2 
Full 

Implementation 
Year 

2.2 

 
Note:  The GHG emissions reduction calculations are done using the NERC calculator which assumes the 
designated tons (3,285,000 TPY) are “recycled”.  There is uncertainty in how applicable the NERC GHG predictions 
are for conversion technologies, specifically anaerobic digestion as specified for this strategy. 
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Detailed Cost Table 
Strategy:      Zero Waste – High Recycling  
Agency:    CIWMB  
Affected Entities:    Recycling processors, MRF operators/owners, customers who 
source separate recyclables and/or drop off recyclables, customers who deliver waste streams 
to the facilities for processing/recycling 
Implementation Approach:  Increased recycling 

 

Year 

Costs and Savings Estimates 
(Millions of 2006 dollars) 

Recycling Costs  Cost Savings 
2005    
2006    
2007    
2008    
2009    
2010 11.8  8.6 
2011 15.4  11.2 
2012 18.9  13.8 

2013 22.5  16.4 

2014 26.1  19.0 

2015 29.7  21.6 

2016 33.2  24.2 

2017 36.8  26.7 

2018 40.4  29.3 

2019 43.9  31.9 

2020 47.5  34.5 
Assumptions:   Recycling costs = $55/ton (cost of recycling) x 215,804 tons recyclables = $11.8 million (2010) 
    = $55/ton x 863,216 tons recyclables = $47.5 million (2020) 
  Cost Savings = $40/ton (landfill tipping fee) x 215,804 tons not disposed = $8.6 million (2010) 
    =$40/ton x 863,216 tons not disposed = $34.5 million (2020) 
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Detailed Cost Table 
Strategy:      Zero Waste – High Recycling  
Agency:      CIWMB 
Affected Entities:    Owners/operators of compost and mulch facilities, customers who 
bring organic materials to the facilities for processing 
Implementation Approach:  Increase diversion of organic materials to produce compost and 
mulch. 

 

Year 

Costs and Savings Estimates 
(Millions of 2006 dollars) 

Composting Costs  Cost Savings 
2005    
2006    
2007    
2008    
2009    
2010 2.0  4.0 
2011 3.25  6.5 
2012 4.5  9.0 
2013 5.8  11.5 
2014 7.0  14.0 
2015 8.3  16.5 
2016 9.5  19.0 
2017 10.8  21.5 
2018 12.0  24.0 
2019 13.3  26.5 
2020 14.5  29.0 

 
Assumptions:   Composting capacity in existing facilities is sufficient to sustain level of expansion –no capital costs. 

(Level of expansion is an increase of ~1% by 2010 and  ~7% by 2020 over existing throughputs.) 
Composting  costs = $20/ton (cost of composting) x 100,000 tons composted = $2 MM(2010) 

    = $20/ton x 724,752 tons composted = $14.5 MM (2020) 
  Cost Savings = $40/ton (landfill tipping fee) x 100,000 tons not disposed = $4.0 million (2010) 
    =$40/ton x 724752 tons not disposed = $29.0 million (2020) 
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Detailed Cost Table 
Strategy:   Zero Waste – High Recycling  
Agency:   CIWMB 
Affected Entities:  Owners/operators of CT facilities 
Implementation Approach:  Increase diversion of organic materials to produce beneficial 
products in CT facilities. 

 

Year 

Cost Estimates 
(Millions of 2006 dollars) 

Electricity 
Production 

(kWh) Capital Costs Operating Costs 
2005    
2006    
2007    
2008    
2009    
2010 98.6 9.9 60,115,500 
2011  9.9 60,115,500 
2012  9.9 60,115,500 
2013  9.9 60,115,500 
2014  9.9 60,115,500 
2015 197.1 29.6 240,462,000 
2016  29.6 240,462,000 
2017  29.6 240,462,000 
2018  29.6 240,462,000 
2019  29.6 240,462,000 
2020 443.5 59.1 601,155,000 
Full 

Implementation 
Year 

443.5 MM 59.1 601,155,000 

Assumptions:  Costs and benefits for this CT anaerobic digestion strategy are based on information in “Evaluation of 
Alternative Solid Waste Processing Technologies”, URS Corporation, September 2005.  Assumptions also based on 
data from UC Davis Anaerobic Digestion plant.  Assumption for energy production is 183 kWH/Ton waste; Capital 
costs are ~$300/ton; O&M costs are ~$3 MM annually.   
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Strategy Update Summary Table 
Strategy:      Zero Waste – High Recycling  
Agency:      CIWMB 
Affected Entities:    Recycling processors, MRF operators/owners, customers who source separate recyclables and/or drop 
off recyclables, customers who deliver waste streams to the facilities for processing/recycling. 
Implementation Approach:  Increased recycling 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 215,804 tons 863,216 tons  
Greenhouse Gas Emissions Impacts 

MMT CO2e (emissions impact not associated with 
fossil energy combustion) 

0.66 2.63  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season 
and time of day if possible] 

   

Substitution of non-fossil electricity production 
(GWh) [by season and time of day if possible] 

   

Change in transportation fossil fuel consumption (by 
fuel type) 

   

Change in stationary fossil fuel consumption (by fuel 
type) 

   

Cost and Cost Savings 
Recycling Costs $11.8 MM $47.5 MM  
Cost Savings $8.6 MM $34.5 MM  
Electricity & fuel consumption impacts (in energy units)    

Other Benefits 
List other benefits that can be quantified    

Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or other factors.  If necessary report ranges and 
a best estimate.  If ranges are not available, report the approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
Comments  
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Strategy Update Summary Table 
Strategy:     Zero Waste – High Recycling  
Agency:      CIWMB 
Affected Entities:    Owners/operators of compost and mulch facilities, customers who bring organic materials to the 
facilities for processing. 
Implementation Approach: Increase diversion of organic materials to produce compost and mulch 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 100,000 tons 724,752 tons  
Greenhouse Gas Emissions Impacts 

MMT CO2e (emissions impact not associated with 
fossil energy combustion) 

0.05 0.40  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season 
and time of day if possible] 

   

Substitution of non-fossil electricity production 
(GWh) [by season and time of day if possible] 

   

Change in transportation fossil fuel consumption (by 
fuel type) 

   

Change in stationary fossil fuel consumption (by fuel 
type) 

   

Cost and Cost Savings 
Composting Costs $2.0 MM $14.5 MM  
Cost Savings $4.0 MM $29 MM  
Electricity & fuel consumption impacts (in energy units)    

Other Benefits 
List other benefits that can be quantified    

Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or other factors.  If necessary report ranges and 
a best estimate.  If ranges are not available, report the approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
Comments [include any summary comments as appropriate 
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Strategy Update Summary Table 
Strategy:     Zero Waste – High Recycling 
Agency:      CIWMB 
Affected Entities:   Owners/operators of CT facilities 
Implementation Approach: Increase diversion of organic materials to produce beneficial products in CT facilities 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 328,500 tons 3,285,000 tons  
Greenhouse Gas Emissions Impacts 

MMT CO2e (emissions impact not associated with 
fossil energy combustion) 

0.21 2.2  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season 
and time of day if possible] 

   

Substitution of non-fossil electricity production 
(GWh) [by season and time of day if possible] 

   

Change in transportation fossil fuel consumption (by 
fuel type) 

   

Change in stationary fossil fuel consumption (by fuel 
type) 

   

Cost and Cost Savings 
Capital costs and lifetime $98.6 MM $443.5 MM  
Annual operating costs and savings $9.9 MM $59.1 MM  
Electricity & fuel consumption impacts (in energy units)    

Other Benefits 
Electricity Production from CT 60,115,500 kWh 601,155,000 kWh  

Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or other factors.  If necessary report ranges and 
a best estimate.  If ranges are not available, report the approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
Comments [include any summary comments as appropriate 
 

Attachment B   Page  160



For Public Review and Comment 

 

 

 

DEPARTMENT OF FORESTRY AND FIRE PROTECTION 
CLIMATE STRATEGY UPDATES 

 

 

 

 

Attachment B   Page  161



For Public Review and Comment 

Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy 
Conservation Forest Management 

2. Agency:  California Department of Forestry and Fire Protection 
Lead Staff –  

Bill Snyder, Deputy Director for Resource Management 

Duane Shintaku, Assistant Deputy Director for Forest Practice 

Russ Henly, Assistant Deputy Director for Resource Protection 

Doug Wickizer, Chief Environmental Protection and Regulation 

3. Strategy Description 
Overview 
The Department of Forestry and Fire Protection (Department) will work with Private and Public 
landowners to encourage implementing forest management practices that will increase the 
storage of carbon on the areas over which they have management or ownership control.  For 
the purposes of this document forest means those areas that have or are capable of supporting 
a tree canopy cover of greater than or equal to 10% of the area.  Conservation forest 
management entails a wide variety of practices that can be applied to a forest stand, ownership 
or landscape that changes the current vegetative cover composition, structure, or arrangement.  
Examples of forest management activities include: 

• Optimizing the number and species of existing trees growing on the land to increase the 
rate of growth (thinning), 

• Buffer strips along watercourses where a greater number of large dominant and co 
dominant trees are retained on a permanent or longer term basis, 

• Inter-planting trees within an existing stand of trees to ensure that the biological 
production capacity of the site is more fully utilized, 

• Removing competing vegetation in young forest stands to increase the rate of growth of 
the remaining trees. 

• Managing the crop trees  to optimize carbon sequestration potential.  
• Actions to control a disease or insect infestation 
 

Conservation forest management can be applied at the stand, ownership, watershed, or 
landscape level depending upon the conditions under which the manager is working.   The size 
and arrangement of forest ownerships vary from small (<3 acres) to very large (> 1,000,000 
acres) in California.  Smaller ownerships may have more intensive management, thus 
maximizing the potential amount of carbon stored on each individual acre.  Larger ownerships 
will tend to apply management practices that increase the average amount of carbon stored per 
acre on a planning watershed basis (California Code of Regulations, Title 14, Division 1.5, 
Subchapter 1, and Section 895.1).  Watersheds may have a single large owner, a group of 
small owners, or a mix of the two arrangements.  This complex situation entails using different 
strategies to obtain cooperation of the landowners in maximizing the amount of carbon stored.   
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Small ownerships require more technical assistance and support by consulting foresters or the 
Department as the owners will likely have limited resources of their own.  These smaller owners 
will also have more limited financial resources and may require a greater level of cost share 
assistance.  Larger ownerships will most often have professional foresters and a greater 
financial base from which to invest in forest improvement practices.  However, these owners will 
need to be assured they will regain sufficient income from their forest management practice to 
warrant the investment.   

The purpose of the Conservation Forest Management Strategy is to increase and maintain total 
carbon stocks on an ownership over time. This approach accounts for the landowner’s planned 
actions such as harvesting, forest improvement projects and natural disturbances.  The 
activities are planned and implemented such that there may be declines in the total carbon 
stocks at a point in time.  However, on the longer term planning horizon the carbon stocks for 
the ownership(s) will result in an increase. 

Affected Entities 
The affected entities for Conservation Forest Management are very broad: 

• Private Landowners: industrial and non-industrial landowners will be encouraged to 
voluntarily add forest management practices that will increase carbon storage.  The 
primary encouragements will be technical and cost share assistance for  small 
landowners (< 5,000 acre ownerships).  The primary encouragement for the large  
landowners will be the development and implementation of a carbon market.  Regulatory 
actions by the Board of Forestry and Fire Protection (Board) will also have an impact on 
increases or decreases in carbon stocks on an ownership. 

• Public Landowners: approximately ½ of the timberlands in California are under public 
ownership including the United States Forest Service, National Park Service, Bureau of 
Land Management, Bureau of Indian Affairs, Bureau of Reclamation, State Department 
of Parks and Recreation, State Lands Commission, Cal Trans, Department of Water 
Resources, Department of Water Resources, Department of Fish and Game, Wildlife 
Conservation Board, and the Department.  Much of the increased carbon storage on 
California forest lands since the mid 1980’s has occurred on federal ownerships 

• Regulatory Agencies: forest management in California has been a contentious issue 
since the mid 1970’s and the enactment of the 1973 Z’berg – Nejedly Forest Practice Act 
and subsequent rules.  Agencies that have become deeply involved with forest 
management on private lands include, State Water Resources Control Board, 
Department of Fish and Game, State Geologic Survey, Air Resources Board, Coastal 
Commission, Native American Heritage Commission, County Governments, National 
Marine Fisheries Service, Fish and Wildlife Service, and the Federal Environmental 
Protection Agency.  These agencies may enact additional regulations or may identify 
impacts requiring mitigation on the projects through the California Environmental Quality 
Act processes.  

• Non-Profits: California has a rich population of non-profit organizations that are involved 
with management of rural and urban areas.  Examples of these organizations are The 
Nature Conservancy, Conservation Fund, Pacific Forest Trust, and a variety of 
organization representing professions that practice on the landscape.  For example 
Pacific Forest Trust have been working at obtaining landowner participation in 
easements that pay landowners for the development rights on tracts of forest lands.  A 
recent success in this area is a 10,000 acre forestland ownership near Mt. Shasta on the 
McCloud River.    
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Related Objectives 
The strategy is motivated by multiple benefits.  Conservation Forest Management, as with 
Afforestation and Reforestation, provides benefits through improved water quality, wildlife 
habitat diversity, improved air quality, expanded bio-energy opportunities, and jobs.  By applying 
various forest management activities the landowner is developing and maintaining a healthy 
forest that provides all of the associated economic and ecosystem service benefits.  Many of the 
forest management activities involve the removal and sale of trees or parts of trees.  This 
material is used to produce a variety of products such as boards, plywood, particle board, 
paper, energy (fuels & electricity), and wood based chemical products.  

Strategy Metrics 
The metrics for forest management are provided in the Forest Protocols published by the 
California Climate Action Registry, or in a publication by the California Energy Commission titled 
“Methods for Measuring and Monitoring Carbon Projects in California, Winrock International, 
2004” (http://www.energy.ca.gov/pier/final_project_reports/500-04-072F.html).  In summary the 
metrics for this strategy is expressed in acres and tons of carbon or carbon dioxide. 

Strategy Goals and Implementation Approaches 
The strategy states the intent to sequester 2-4 million tons of CO2 by 2020. .  In 1991-92 the 
rules of the Board were amended to change the methods and timing of permitted timber 
harvesting.  Before this rule amendment harvesting on private timberland could be conducted at 
a level where the level of harvest exceeds the amount of growth over time.  The Forest Practice 
Act along with the revised Rules of the Board basically establishes a basis from which 
additionality is measured.  This regulatory structure (baseline) creates a scenario where growth 
equals harvest, if no projects are implemented  
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In 1994, California timberlands contained an estimated 55 billion cubic feet of wood. Fifty-three 
percent (29 billion cubic feet) of the total net volume of growing stock was on National Forest 
land, 24 percent (13.3 billion cubic feet) on forest industry, 20 percent (10.8 billion cubic feet) on 
other private, and the remaining three percent (1.6 billion cubic feet) on other public lands (page 
61, The Changing California Forest and Range 2003 Assessment). By increasing the growth 
through managing the level of stocking  and fully utilizing the site where stocking has been 
reduced due to fire, insects, disease or other factors,  there are significant opportunities to 
increase the carbon storage available over the next few decades.  The overall average rate of 
growth on the state’s timberlands is estimated between 1.5 and 2% of the inventory annually.   

We also recognize that many of the timberland owners in California have made voluntary 
choices to manage their forestlands at a level above the minimums of the Forest Practice Act 
and Rules.  Some actions taken by this portion of the forest landowners include 1) plant trees 
where full biological potential is not met, 2) thinning  trees where overstocking exists, 3) 
commercially thin from below leaving larger faster growing crop  trees, and  4) restoring conifers 
to riparian areas dominated by hardwoods.  This voluntary choice of the landowners will be 
recognized as this strategy is implemented and documented.  This is true for both industrial and 
non industrial timberland owners. 

Following are implementation options that will be pursued.  In this strategy there will need to be 
public investment and carbon market opportunities made available to realize the maximum 
opportunity for additional carbon storage.   

The Department administers the California Forest Improvement Program (CFIP).  The program 
has had intermittent funding since its inception in 1981.  The program provides cost share 
assistance to small private timberland owners (<5,000 acres).  The program provides the 
assistance in areas of forest thinning, brush clearance, wildlife habitat improvement, watershed 
improvement, and reforestation.  Other related forest management practices such as pruning to 
improved wood quality may also be funded.  This is one of the primary tools the Department has 
to assist landowners in development of a healthy forest stand that maximizes carbon storage.  
The Department will continue to work with CAT, Air Resources Board, California Climate Action 
Registry, and other stakeholders to encourage development of voluntary or regulated carbon 
markets.  

1. The State of California has significant landholdings, including substantial forested lands.  
Very little forest management has been applied to those acres with the exception of the 
Demonstration State Forest Lands (DSF).  The DSF Land holding is approximately 
70,000 acres.  A small amount of that acreage has received timber stand improvement 
treatments (thinning, removal of competing vegetation, and interplanting understocked 
areas where needed).  In addition to managing the DSF the Department will work with 
the state agencies to identify other state lands where conservation forest management 
projects will increase long-term carbon stocks 

2. PG&E has recently been approved to proceed with a pilot voluntary tariff that would use 
ratepayer contributions (via monthly bill increases) to fund forestry projects that would 
increase carbon sequestration.  The Department will work with PG&E to monitor the 
success of this program and encourage the other main utilities within California to 
develop similar programs.   

3. Similar to the reforestation strategy, the state could provide landowners with tax credits 
for treatments that improve the carbon storage on forested acres.  This will be done in 
coordination with the CAT.   
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4. Work with the California Climate Action Registry and the Air Resources Board to modify 
the existing Forest Carbon Accounting Protocols to recognize the additional carbon 
sequestration provided by wood products once a tree is harvested and to develop 
additional forest protocols. 

5. Forest Management projects have been continually implemented in California over the 
last decade.  The Department has begun to gather this information and will have a 
summary report available by  January 1, 2010 to identify the final extent of forest 
management work yet to be accomplished to meet the CAT strategy objective. 

4. Technology 
The technology employed under this climate change strategy is to alter the management of 
forests in a manner that increases the available carbon pools over time.  

Management changes included here for carbon benefit are widened riparian buffers.  

Other management changes such as optimized rotations, thinning and pruning were considered 
butnot pursued given uncertainties about caron stock accounting and benefits.  For example, 
Brown et al. (2004a) show that extending rotations beyond legal mandates is not economically 
possible at carbon prices of less than $35 per ton of carbon dioxide1. Pruning and thinning, 
while increasing timber value, do not necessarily increase forest carbon stocks (e.g. York and 
Heald, 2005; Lindquist, 2004). Also considered was a switch from clear cuts to group selection 
cuts; here also there appears to be little increased carbon sequestration (e.g. Brown et al. 
2004b). 

Not considered in this report are the benefits of adjusting the density and species of existing 
trees growing on the land to optimize the rate of growth and overall biomass carrying capacity. 
For many potential Conservation Forest Management strategies additional research and 
analyses are required to quantify the costs and potential carbon gains of this activity. 

Economic barriers exist to such changes in management and these will be overcome through 
expanding funding sources, changes in tax law and/or a carbon market which will monetize the 
carbon sequestration benefit of increasing the mean standing carbon stock. 

5. Statutory Status 
The following areas may need legislative action: 

• The California Forest Improvement Program (CFIP) is authorized in Public Resources 
Code 4790 through 4799.04 and authorizes the Department to provide technical and 
other assistance (cost share funding) to private landowners with ownerships 5,000 acres 
and under.   These lands have to have a 10% tree canopy cover of be capable of 
supporting such a tree cover.  Some amendments of this set of statutes may be needed 
to allow use of state funds on larger private and public land ownerships.   

• The Climate Action Team will need to work with the Department to develop the 
appropriate legislative proposal to provide tax credits for those investing in conservation 
forest management projects.  

• Expanded Legislative authority will be necessary to establish reliable funding for cost 
share assistance in CFIP or other cost share programs.   

                                                 
1 However, if extending rotations 5 years beyond the economically optimum rotation age were allowed, 
1.76 MMt CO2 could be sequestered on 789,500 acres at an average cost of $54/acre. 
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6.  Implementation Steps and Timeline 
1. CFIP Augmentation: 

a. Initiate legislative action in 2008 to obtain a stable level of funding for the suite of 
forest management cost share projects.   

b. By July 1, 2008 begin funding projects on private land, giving priority to forest 
management projects that increase carbon storage.  This would include public 
lands if the option to fund public projects is included. 

c. January 1, 2009 provide the legislature and CAT a monitoring report 
summarizing the acres of forest management projects with a projection of 
increases in carbon sequestration. 

 

2. Continued encouragement of carbon market development:   
a. Begin immediately to cooperatively work immediately with Cal EPA and the Air 

Resources Board (ARB) to identify the role of a carbon offset market in meeting 
CAT and Administration emission reduction targets.  

b. Assuming that a carbon offset market will be established it will need to be 
functional by the date the caps are mandated to begin in 2011.  It should be 
noted here that the more quickly some certainty can be provided to persons who 
wish to invest in a carbon offset market; the more quickly landowners will begin 
forest management projects.  

 

3. Forest Improvement Projects of State Land Holdings: 
a. The Department started identification of lands owned by other state agencies that 

are suitable for forest management projects in January 2007.  This is an ongoing 
effort.  

b. Beginning July 2007 the Department will upon request begin contacts with 
agencies that control those land parcels.   

c. Beginning January 2008 the Department will  begin to provide the technical 
assistance requested by those agencies to develop implementation plans for the 
forest management projects for the selected parcels. 

d. In 2009 and subsequent years the Department  will provide a progress report to 
CAT on project implementation with a projection for the next years 
accomplishments. 

 

4. Adoption of additional voluntary tariffs for forest projects by utilities:  (This assumes 
CAT and CPUC will support Department involvement as the technical expert for this 
subject) 

a. The Department has initiated contact with PG&E to evaluate progress on 
implementation of the voluntary tariff. 

b. The Department will begin contacts with the other major utilities within California 
or utilities that provide electricity to California as to their interest in similar 
programs..   

 

5. Incentives to maintain or expand acres under forest management:  
a. The Department will develop legislative concepts with appropriate agencies. 
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6. Amendments to the CCAR Forestry Protocols allowing registration of wood product 
carbon sequestration values:  (This ties to reforestation and forest management 
protocols in that a harvest of planted trees is anticipated) 

a. The Forestry Protocols have had some minor adjustments adopted by the 
California Climate Action Registry in June 2007.  The Registry is currently 
conducting further review to identify additional minor adjustments that will be 
made in late 2007 or early 2008.. 

b. The Department will work cooperatively with the Registry and ARB to develop the 
process to add wood products as a carbon pool which can be registered.  

 
7. Documentation of Carbon already sequestered in past forest management projects: 

a. The Department has begun researching the amount of forest management that 
has been completed by landowners since 2004.  The results will include lands 
managed using Department programs plus those managed by private and public 
ownerships at the landowners’ own initiative.  This report will be completed by 
June 2009. 

 

7.  Greenhouse Gas Emission Reductions 
GHG Emission Reductions from Identified Approaches 

Implementation Approaches 1, 2, 4, 5: CFIP Funds, Carbon market, voluntary tariffs and tax 
incentives 

An uptake of 1,638 acres per year (19,656 acres at year 12) entering into a riparian extension 
program is anticipated with an annual carbon benefit of ~3.6 tons of carbon benefit per year. 
The annual carbon benefit on this area is estimated to be equal to 261,630 tons of carbon 
dioxide per year( 71,289 tons of carbon) [personal contact with Winrock International].   

 

Implementation Approach 7: Results of Past Actions 

The carbon benefit of changes in the California Forest Practice Rules since December 2004 
was calculated as equal to 33.55 million tons of carbon dioxide (2.4 million tons per year until 
2020) [Personal contact with Winrock International].  The 2.4 million tons is derived by dividing 
the change in carbon stocks shown on the included graph of 172 mmt by the time period of 
growth or 70 years.  For the purposes of this report this cumulative value is annualized and 
reported as 2.09 mmt/yr. of carbon dioxide stored for each of the 16 years considered.  This is 
not an annual benefit but a one-time benefit brought about by the 5% increase in commercial 
volume on commercial timberlands.  The forest practice rules are constantly being reviewed and 
other modifications of regulations are under consideration that will result in other management 
practices providing higher carbon storage.  An example is rules currently under discussion by 
the Board of Forestry and Fire Protection and the Fish and Game Commission for the protection 
of salmonid populations at risk.   

Methodology:   

The carbon and cost estimates presented here are based on the Winrock International carbon 
supply report (Brown et al. 2004a). For forestlands, estimates of the potential carbon benefits 
were analyzed for permanent contracts for increasing the riparian buffer zone by an additional 
200 feet.  
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Other forest management activities were considered. However, indications are that pruning and 
thinning, while increasing timber value do not increase forest carbon stocks (York and Heald, 
2005; Lindquist, 2004). Also considered was a shift from clear cuts to group selection cuts. Here 
also there appears to be little increased carbon sequestration in Sierran mixed conifers or 
coastal redwoods (Brown et al. 2004b). The costs of extending rotations beyond the legally 
mandated ages were prohibitive (Brown et al. 2004a). If opportunity cost is not considered then 
a carbon benefit will arise in most instances of increased rotation lengths  (Brown et.al, Baseline 
Development and Estimation of Carbon Benefits for Extending Forested Riparian Buffer Zones 
in Two Regions of California, March 2004, CEC 500-04-071F). Where there is no carbon benefit 
the cause is the decrease in growth rate in the latter stages of the increased rotations is 
outweighed by the more rapid storage of carbon in the wood products in the shorter rotation. If 
wood products are not considered then all rotation length increases do result in an increase in 
carbon stored on the land. 

 
For the extension of riparian buffers the only forests deemed eligible were those at about 
harvest age (Brown et al 2004a). The baseline was a continued harvest cycle together with 
accrual of wood products (Brown et.al.; Baseline Development and Estimation of Carbon 
Benefits For Extending Forested Riparian Buffer Zones in Two Regions in California, March 
2004, CEC-500-04-071F). The difference among the two alternatives is first estimated to derive 
annual stock differences, and then the annual change in the difference in stock is used to 
estimate the carbon gain for the riparian zone.   
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For this form of activity the land would have to be placed under an easement and the benefit 
would be assumed permanent.  Easements typically are designed to limit development rights 
but do continue to allow forest management activities such as intermittent harvesting.  

No carbon was available at the cost of $9.71 (the estimated initial PG&E price offering).  

However, at the higher price point of $19.67 (2008 Vintage European Trading Scheme in 
October 2006) there is an available area for riparian extension of 19,653 acres. Here it is 
assumed that over period 2008-2020 (12 years), all potential private land could be placed under 
this management regime if available carbon price, government funding or tax benefit is equal to 
$19.67/ tCO2. At this price, the average net revenue (revenue minus cost) would be about 
$1,000/acre. In the analyses included here, 1/12 of the area is put under extension contracts per 
year between 2008 and 2020. 

Implementation Approaches 1, 2, 4 and 5 are considered together as each would involve a 
carbon payment either through tariffs, government funds, a carbon market or tax incentives 
acting as a proxy for carbon payments. All would be considering the same private lands as the 
potential area available for the activity. 

Implementation Approach 3: State Lands 

No estimates are included for state lands. More research is required to define whether areas 
exist in riparian zones on state lands that are currently under harvest cycles.  

Implementation Approach 6: Wood Products 

Wood products are included in the riparian benefit analysis above; however, the wood products 
are more important in the baseline than in the with-activity scenario and consequently reduce 
the net benefit rather than increasing it.  No cost is assigned to the wood products in this 
analysis. 

Implementation Approach 7: Results of Past Actions 

Changes in the Forest Practices Rules since December 2004 have resulted in an increase in 
carbon stocks in California’s commercial forests.  New rules were added for ‘Threatened and 
Impaired Watersheds’, and a variable retention silvicultural rule was included that requires 
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retention of large trees or groups of trees.  The result of these rules would be increased 
watercourse strips (up to 150' for class I) and the retention of larger trees for stream and wildlife 
protection.  The resulting response to these rules has been retention of approximately 5% more 
volume on average over the permitted harvest acres than in the baseline case.   

This impact was evaluated using the Forest Inventory and Analysis (FIA) dataset of the US 
Forest Service for California in 2004. The area of private timberlands and volume of private 
timberlands were assessed from the FIA dataset for commercial timber species. Volume was 
converted to biomass using the equations of Smith et al. (2003). The benefit included here was 
calculated as the difference between 2004 timberland biomass stocks and timberland biomass 
stocks with a 5% volume augmentation. 

Uncertainty is undoubtedly large when scenarios include consideration of carbon markets that 
are as yet unformed and the uptake of tax incentives that are not yet legislated. This uncertainty 
alone could be as high as 50 %. 

However, beyond this, previous studies (Brown et al. 2004c) illustrate the range of uncertainties 
in some of the input data used to calculate potential carbon benefits.  

Identification of eligible areas: 

 Federal and State Databases: 18% 
 Satellite Imagery:   10%    

Carbon stocks:    18%  

Linking carbon stocks to model:  16%  

Harvest Assumptions:    8% 

 

Using standard error propagation methods, the total uncertainty is estimated to be about 32% 
for all activities. 

When the uncertainty in area uptake is incorporated it is likely that total uncertainty will exceed 
50%. Clearly this is an area in which more research could increase the certainty of the projected 
carbon sequestration.  

8. Costs and Cost Savings 
Costs and Cost Savings:  The riparian extension areas would have to be placed under a 
permanent easement.  Conservation easements vary on a case by case basis but in general 
they restrict development rights but allow for some agreed upon level of forest management to 
continue which can include harvesting.  In this paper, easement establishment does not 
consider a continuation of harvesting and the costs are therefore the opportunity cost of lost 
timber harvest within the extension zones. This cost is estimated to be a one time cost of $3.3M 
for the 1,638 acres placed under easement each year of the analysis. At the given carbon price 
of $19.67 this would give an average net revenue per acre of placing the land under easement 
of $1,010.  

As the Forest Protocol development moves forward consideration should be given to 
establishing mechanisms other that conservation easements that address the question of 
permanence for carbon stock additionality.  

As the carbon benefit of approach 7 is the result of past changes in the forestry law, there are 
no present costs for the accrued carbon. 
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Methodology:   

For estimating the costs of enhanced riparian zone management, estimates are based on 
specific counties for public and private landowners, and then extrapolated to all counties 
throughout the state (see Brown et al. 2004a). 

As the carbon benefit of approach 7 is the result of past changes in the forestry law, there are 
no present costs for the accrued carbon. 

Uncertainty is undoubtedly large when scenarios include consideration of carbon markets that 
are as yet unformed and the uptake of tax incentives that are not yet legislated. This uncertainty 
alone could be as high as 50 %. 

However, beyond this, the range of approximate uncertainties in some of the input data used to 
calculate potential carbon benefits is illustrated below: 

Identification of eligible areas: 

 Federal and State Databases: 18% 

Carbon stocks:    18%  

Linking carbon stocks to model:  16%  

Harvest Assumptions:    8% 

Economic and tax data on harvests  5% 

Using standard error propagation methods, the total uncertainty is estimated to be about 32% 
for all activities. 

When the uncertainty in area uptake is incorporated it is likely that total uncertainty will exceed 
50%. Clearly this is an area in which more research could increase the certainty of the projected 
carbon sequestration.  

9. Other Benefits 
It is not anticipated that the forest management strategy will lead to reductions in emissions of 
pollutants such as VOCs, NOx, SOx and PM. However, the other benefits associated with the 
strategy are significant.  

Preservation and enlargement of riparian buffers will lead to benefits to biodiversity and wildlife 
as habitats are less severely disturbed and will mature, enhancing their habitat value. The 
enlarged buffers will also benefit water supply with less runoff and erosion occurring on streams 
and rivers with a lower harvesting regime and the water temperature could be lower, enhancing 
habitat for aquatic organisms. This will also benefit the aesthetic value of the sites for all 
Californians. 

10. Summary Table 
See below. 
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 Detailed Strategy Goals Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approaches 1, 2, 4, 5: CFIP Funds, Carbon 
market, voluntary tariffs and tax incentives 

 

Year 

Primary Metric: 
Acres Under Riparian 
Extension Easement 

2005  
2006  
2007  
2008 1.638 acres 
2009 1,638 acres 
2010 1,638 acres 
2011 1,638 acres 
2012 1,638 acres 
2013 1,638 acres 
2014 1,638 acres 
2015 1,638 acres 
2016 1,638 acres 
2017 1,638 acres 
2018 1,638 acres 
2019 1,638 acres 
2020 1,638 acres 
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 Detailed Strategy Goals Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approach 7: Results of Past Actions 

 

Year Primary Metric: 
2005 N/A 
2006 N/A 
2007 N/A 
2008 N/A 
2009 N/A 
2010 N/A 
2011 N/A 
2012 N/A 
2013 N/A 
2014 N/A 
2015 N/A 
2016 N/A 
2017 N/A 
2018 N/A 
2019 N/A 
2020 N/A 
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 Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approaches 1, 2, 4, 5: CFIP Funds, Carbon 
market, voluntary tariffs and tax incentives 

 

Year 

Greenhouse Gas 
Emissions Reduction 

(MMT CO2e) 
2005  
2006  
2007  
2008 0.26 
2009 0.26 
2010 0.26 
2011 0.26 
2012 0.26 
2013 0.26 
2014 0.26 
2015 0.26 
2016 0.26 
2017 0.26 
2018 0.26 
2019 0.26 
2020 0.26 

Uncertainty 32% 
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 Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approach 7: Results of Past Actions 

 

Year 

Greenhouse Gas 
Emissions Reduction 

(MMT CO2e) 
2005 2.09 
2006 2.09 
2007 2.09 
2008 2.09 
2009 2.09 
2010 2.09 
2011 2.09 
2012 2.09 
2013 2.09 
2014 2.09 
2015 2.09 
2016 2.09 
2017 2.09 
2018 2.09 
2019 2.09 
2020 2.09 

Uncertainty 32% 
Values estimated as cumulative sequestration 
of 33.55 MMT CO2e divided by 16 years. 
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Detailed Cost Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approaches 1,2, 4, 5: CFIP Funds, Carbon 
market, voluntary tariffs and tax incentives 

Lifetime:  Lifetime easement on riparian extension lands 

 

 
Cost and Savings Estimates 

(millions of 2006 dollars) 
Year Capital Costs Operating Costs Savings 
2005    
2006    
2007    
2008  $3.3  
2009  $3.3  
2010  $3.3  
2011  $3.3  
2012  $3.3  
2013  $3.3  
2014  $3.3  
2015  $3.3  
2016  $3.3  
2017  $3.3  
2018  $3.3  
2019  $3.3  
2020  $3.3  

Uncertainty  32%  
 

 August 24, 2007 Page17  

Attachment B   Page  178



For Public Review and Comment 

 August 24, 2007 Page18  

Detailed Cost Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approach 7: Results of Past Actions 

Lifetime:  New California Forest Practice Rules. 

 

 
Cost and Savings Estimates 

(millions of 2006 dollars) 
Year Capital Costs Operating Costs Savings 
2005  None  
2006  None  
2007  None  
2008  None  
2009  None  
2010  None  
2011  None  
2012  None  
2013  None  
2014  None  
2015  None  
2016  None  
2017  None  
2018  None  
2019  None  
2020  None  

Uncertainty  NA  
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Strategy Update Summary Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approaches 1, 2, 4, 5: CFIP Funds, carbon market, voluntary tariffs and tax incentives 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 3,276 acres under riparian 

extension easement 
19,656 acres under 
riparian extension 

easement 

 

Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not associated with fossil 
energy combustion) 

0.26 0.26  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season and 
time of day if possible] 

   

Substitution of non-fossil electricity production (GWh) [by 
season and time of day if possible] 

   

Change in transportation fossil fuel consumption (by fuel 
type) 

   

Change in stationary fossil fuel consumption (by fuel 
type) 

   

Cost and Cost Savings 
Capital costs and lifetime    
Annual operating costs and savings $3.3 million $3.3 million  
Electricity & fuel consumption impacts (in energy units)    
Other Benefits 
List other benefits that can be quantified    
Uncertainty  Between 32% and 50% 
Comments [include any summary comments as appropriate 
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Strategy Update Summary Table 
Strategy:   Conservation Forest Management 
Agency:   Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  Implementation Approach 7: Results of Past Actions 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) N/A N/A  
Greenhouse Gas Emissions Impacts 
MMT CO2e (emissions impact not associated with fossil 
energy combustion) 

2.09 2.09  

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season and 
time of day if possible] 

   

Substitution of non-fossil electricity production (GWh) [by 
season and time of day if possible] 

   

Change in transportation fossil fuel consumption (by fuel 
type) 

   

Change in stationary fossil fuel consumption (by fuel 
type) 

   

Cost and Cost Savings 
Capital costs and lifetime    
Annual operating costs and savings    
Electricity & fuel consumption impacts (in energy units)    
Other Benefits 
List other benefits that can be quantified    
Uncertainty  ±32% 
Comments [include any summary comments as appropriate 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy 
Forest Conservation 

2. Agency: California Department of Forestry and Fire Protection. 
Lead Staff -  

Bill Snyder, Deputy Director for Resource Management 

Russ Henly, Assistant Deputy Director for Resource Protection 

Doug Wickizer, Chief Environmental Protection and Regulation 

3. Strategy Description  
Overview 
California forests and woodlands continue to be developed and converted to non-forest uses,.  
These conversions result in both the immediate release of CO2 through vegetation removal and 
the reduced opportunity to sequester additional carbon in the future on woodlands and 
forestlands that are currently young and/or not fully stocked.   

CAL FIRE’s Fire and Resources Assessment Program (FRAP) found that between 1989 and 
2000, almost 70,000 acres on average experienced some development to residential or 
industrial use per year (Stewart, 2006).  The majority of development (>40,000 acres) was very 
scattered, however, about 28,000 acres were “parcelized”  (i.e., had at least one house per 20 
acres built).  About 18,000 acres of the parcelized acreage was forest land, which is similar to 
CAL FIRE’s Timberland Conversion data showing 16,000 timberland acres converted per year 
from 1998 to 2004 (excluding conversions conducted under 3 acre exemptions), though higher 
than the US Forest Service Inventory Analysis (FIA) estimate of 7,600 acres per year from 1984 
to 1994.   

FRAP (2003) projections for 2000 to 2020 estimate an annual conversion of 312,000 acres of 
forestland and 258,000 acres of woodlands.  Breakdown by vegetation subtypes are in Table 1.   

Table 1. Projected forest and woodland conversions from 2000-2020 by vegetation subtype. 

 
Major 

Vegetation 
Type 

 
 

Vegetation 
Subtype 

Projected 
Conversion 

 (Acres) 
Total Acres 
 

Percent Acres of 
Major Type in  
Subtype 

Forest  Conifer forest  163,000
312,000 

52% 
Hardwood forest 149,000 48% 

Woodland  Conifer woodland 8,000
258,000 

3% 
Hardwood woodland 250,000 97% 

 

Forest and woodlands may also be converted for agriculture.   More than 2,000 acres were 
converted to vineyards in Sonoma, Mendocino and Lake Counties over the last 10 years (Giusti, 
2006).  CAL FIRE’s timberland conversion database shows that 1,317 forestland acres were 
converted to vineyards annually between 1998 and 2004, though economic indicators suggest 
this will decline in the future (Stewart, 2006).  Other areas may be converted for rights of way.  
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The US Forest Inventory Analysis (FIA) indicates that approximately 4,560 acres were 
converted for roads, powerlines, rail and pipelines annually from 1984 to 1994.    

The potential exists to avoid or reduce carbon emissions by encouraging fewer conversions of 
forests and woodlands to other land uses. This can be achieved by landowners, state and local 
agencies, non-governmental organizations (NGOs) and others.  Agencies or (NGOs) may buy 
or accept donations of forestland (fee title), easements or other interests to preserve them for 
forest uses such as habitat, recreation, community forestry and timber management.  When 
easements or other interests are sold or donated, the landowner can have the property 
assessed for the purposes of lowering their tax liability.  They are typically turned over to an 
agency or non-profit entity, which is responsible for enforcing easement conditions.  To ensure 
carbon sequestration over the long term, these forest and woodland land purchases would 
generally require permanent retirement of development rights, preclude uses that would reduce 
carbon stocks or sequestration capacity, and include management geared toward maintaining 
or increasing carbon sequestration through conservation management projects.    

Forest land conservation projects will be designed to avoid emissions caused by forest and 
woodland conversion and to sequester additional CO2 by increasing forest carbon stocks , 
where appropriate, on these lands.  CAL FIRE will work with state and local agencies, private 
landowners and NGOs to identify lands with high carbon stock values, to evaluate opportunities 
to increase growth and sequestration, and to implement practices to protect and enhance those 
carbon stocks.    

Affected Entities 
• Private landowners with conifer forestland, montane and oak woodlands, and riparian 

woodlands may sell or donate easements to preserve forests and protect or increase 
carbon.  These may include industrial and non-industrial timberland owners, smaller 
landowners with forested and woodland parcels, ranchers and land trusts. 

• Non-governmental organizations, such as national, state and local land trusts, may 
purchase, broker and/or hold forest lands, easements or other interests.  CAL FIRE 
identified 132 land trusts in CA (FRAP 2003).   

• State agencies may acquire and manage properties for conservation purposes, including 
forested and woodland parcels.  Land holding agencies include CAL FIRE, Department of 
Fish and Game (DFG), Department of Parks and Recreation (DPR), State Lands 
Commission, and various conservancies.  Other agencies, such as the State Coastal 
Conservancy (SCC), Sierra Nevada Conservancy, Tahoe Conservancy, Wildlife 
Conservation Board and DPR provide funding for acquisitions or easements by state and 
local agencies or non-profit trusts.   

• Local government:   Local agencies may contribute to or increase forest conservation 
through direct purchases and ownership of forested tracts, by incorporating GHG 
considerations into land use planning and development project review processes, and by 
participating in carbon marketing in the future.   

• Federal agencies:  Federal land owners, such as the US Forest Service (USFS), USDI 
National Park Service (NPS) and USDI Bureau of Land Management (BLM), may increase 
conservation acreage by providing additional funding for state assistance programs and 
incorporating carbon sequestration criteria into these programs.   They can also participate 
by recording carbon on federally reserved lands.  
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Related Objectives 
 
The Strategy is Motivated by Multiple Benefits: Forestland conservation provides multiple 
climate change benefits as well as additional environmental and economic benefits associated 
with protecting wildlife and habitats, recreational opportunities, watersheds and working 
landscapes.  Forest conservation ensures that land is available for continued or enhanced 
sequestration of carbon in trees.  Preserving abundant forest cover also buffers landscapes 
from other climate change impacts such as changes in hydrology, evapotranspiration and 
watershed processes, increased temperatures and associated impacts to wildlife.  Conserving 
large tracts of land in forest cover also protects wildlife and reduces habitat fragmentation, and 
provides opportunities for recreation, wood product production and use for other forest products.   

Strategy Metrics 
The metrics for conservation projects are acres of conserved forest and woodlands and avoided 
emissions derived from conserving those lands.   

Strategy Goals and Implementation Approaches 
The strategy goal is to reduce greenhouse gas emissions that result from forest and woodland 
land use conversions.  Conversions remove trees and replace them with non-vegetative cover 
or vegetation that is less effective at carbon sequestration.  

The following implementation approaches have already been funded or have a high likelihood of 
funding available to them: 

1. Proposition 40 and 50 purchases of forest and woodland in 2005 and 2006.   

This implementation approach protected forests and woodlands from conversion through fee 
title or easements.  Acquisitions after December 2004 were counted toward this goal.   

2. Prop 84 purchases to conserve forest and oak woodland habitats. 

Prop 84 was passed by voters in November 2006. Chapter 6 provides to the Wildlife 
Conservation Board (WCB) $180 million for forest protection and conservation projects 
(75055a) and an additional $15 million for oak woodland preservation.    CAL FIRE will work 
with WCB and others to incorporate GHG emissions and carbon sequestration goals and criteria 
into the forest habitat protection grant program which begins in 2007. SB 1686, chaptered in 
September 2006, authorizes WCB to consider a project’s potential to reduce or sequester 
greenhouse gas emissions when prioritizing proposed forestland acquisitions.   WCB could use 
policies, protocols, or other relevant information developed by the California Climate Action 
Registry and others for this purpose.  

The Resources Agency provides leadership for getting other departments, such as WCB, DFG, 
DPR, State Coastal Conservancy (SCC) and State Lands Commission (SLC), more involved in 
climate action. CAL FIRE will assist them, as resources are available, with evaluating carbon 
sequestration stocks and identifying contributions by other grant programs. The oak woodland 
conservation program, which includes restoration and regeneration as goals, provides good 
opportunities to enhance carbon.  

Other Actions (estimated effects on GHG reductions not quantified at this time): 

o Reinstate State Forest Legacy Program  

This program was established in 2000 to protect forestlands at risk to development from 
conversion to non-forest uses and to coordinate with the federal program and ensure the 
availability of cost share funds.  It has drawn on funds from Propositions 12, 40 and 50.  In 

 August 24, 2007 Page 3 

Attachment B   Page  184



For Public Review and Comment 

2005 and 2006, this program worked closely with WCB and others to acquire 6,200 acres of 
forestland.   

This program sunset at the end of 2006.  Reinstatement of this program is critical to 
providing the authority and staffing support for CAL FIRE to work with other funding 
agencies, such as WCB, to develop appropriate carbon sequestration criteria and to select 
and develop projects that enhance carbon stocks and sequestration capability.   

o Continue to work for changes in federal Forest Legacy Program. 

The state Forest Legacy Program differed from the federal program in that it allowed 
purchased easements to be held by non-government trusts.  While there is more opportunity 
to achieve conservation acreage through easements than through fee title, many 
landowners did not want to sell or donate easements to government agencies.  Therefore, 
CAL FIRE and others wish to work with federal agencies to change federal program 
requirements related to eligible easement holders.   

o CEQA amendments and improved implementation to protect forestlands from conversion:   

CEQA could be used by local land use agencies during General Plan and project 
review/approval processes to reduce or mitigate GHG emissions associated with forest and 
woodland conversions.  Tools could include mitigation banking of carbon credits.    SB 1334  
(Kuehl,  2004) increased requirements for mitigating oak woodlands affected by 
development proposals.  Additional CEQA amendments have been discussed to require 
consideration of GHG emissions and carbon sequestration. Non legislative approaches 
include amending CEQA guidelines. 

o Governor’s Market Advisory Committee. 

This effort assumes that the outcome of this committee effort will be the establishment of a 
cap and trade program that permits the use of forest based  offsets.  Begin to cooperatively 
work immediately with Cal EPA and the Air Resources Board (ARB) to identify an effective 
member to participate in the Governor’s Market Solutions committee when it convenes on 
June 30, 2007.  Assuming that a carbon offset market will be established, it will need to be 
functional by the date the caps are mandated to begin in 2011.  It should be noted here that 
the more quickly some certainty can be provided to persons who wish to invest in a carbon 
offset market; the more quickly landowners will begin reforestation and afforestation  
projects.  

4. Technology 
No new technologies are associated with this strategy.  

5. Statutory Status 
The following areas will or may need state legislative action: 

• Reinstate State Forest Legacy Program 

CAL FIRE is pursuing legislation (SB 701) to reinstate the Forest Legacy Program.  This 
may limit the availability of CAL FIRE staff to support WCB and others in incorporating 
carbon sequestration criteria into their programs. 

• Continue to work for changes in federal Forest Legacy Program 

CAL FIRE will work with federal agencies in 2007 to pursue changes to the federal program 
to allow non-profits to hold easements.  Given the relatively small amount of funding 
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compared to state sources, progress on this is not critical to achieving goals under the 
current timeline.  

• Consider CEQA amendments to ensure achievement of GHG emissions reductions goals. 

CAL FIRE will work with other agencies and with the CAT to consider whether amendments 
to CEQA are needed or appropriate to reducing GHG emissions and increasing carbon 
stocks and sequestration.  It is not clear how direct effects of CEQA changes on 
conversions would be readily tracked.    

6. Implementation Steps and Timeline 
Each of the implementation approaches listed above is addressed individually below. 

1. State purchases of forest and woodland fee title and easements from 2005 to 2006.   

A conservative estimate of 2005-2006 purchases toward this goal was made by querying the 
Resources Agency’s Prop 40/50 Awards database to identify conifer and hardwood habitats 
bought in title or easements since 12/31/04.   

a. After adding a number of forest habitat projects to this list, we identified approximately 
46,000 acres of forest conservation purchases and about 38,000 acres of woodland 
purchases.  This estimate is conservative, since many database entries did not include 
information about vegetation type.  These purchases were split evenly between two years, 
so that we assume that 23,000 acres of forest land was conserved per year in 2005 and 
2006, and that 19,000 acres of oak woodlands were conserved each year in 2005 and 2006.  
In total, about 84,000 acres were conserved at a cost of almost $54 million. 

b. The initial estimate will be refined by working with WCB, DPR, SCC and conservancies to 
reconcile and improve databases w/re to acreage and vegetation type.  This will allow us to 
improve our ability to estimate contributions to carbon sequestration.   

2.  Conservation purchases of easements and fee title, starting in 2007. 

The forest habitat and oak woodland programs identified in Proposition 84, passed in November 
2006, provide major opportunities for additional forest and woodland purchases that can 
improve carbon sequestration and thus assist the state in its GHG reduction strategy.  It 
provides $180 million for forests and $15 million for oak woodlands. Subtracting 5% overhead 
for program administration leaves $171 million and $14 million, respectively.    

The price of forest and woodland property or easements varies widely, depending on proximity 
to urban areas, parcel size, tree stocking, etc.  The average cost to the State for the 84,000 
acres identified in the Prop 40/50 database (supplemented with additional WCB information) 
was less than $650 per acre.  The average cost of 6,200 acres of forest land conserved under 
CAL FIRE’s Forest Legacy Program during 2005 and 2006 was approximately $1,400 per acre.   

a. WCB developed program guidelines in summer 2007 and will begin to provide funding for 
conservation purchases in 2008.  CAL FIRE will provide staff to assist WCB in considering 
the incorporation of carbon criteria into the program guidelines, as authorized by SB 1686. 

b. Based on input from WCB, we assumed that $35 million will be spent annually, starting in 
2008.   

c. We assumed an average purchase cost of $1,400 per acre, based on the discussion above, 
which we divided into the projected annual funding to give the acreage listed in Table 1. 

d. Two CAL FIRE staff are available to assist WCB, as needed, in developing these projects.  
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Assumptions about expenditures and conserved acreage (the primary metric for this strategy) 
are illustrated in Tables 2 and 3. 

        Table 2.  Projected Annual Prop 84 Conservation Purchases   

Year 

Forest Habitat Oak woodland  
Annual 

Expenditure 
Acreage 

Conserved 
Annual 

Expenditure 
Acreage 

Conserved 
2008 $31,500,000 22,500 $3,500,000 2,500 
2009 $31,500,000 22,500 $3,500,000 2,500 
2010 $31,500,000 22,500 $3,500,000 2,500 
2011 $31,500,000 22,500 $3,750,000 2,679 
2012 $31,500,000 22,500 0 0 
2013 $13,500,000 9,643 0 0 

  

        Table 3. Annual and Cumulative Acreage Conserved or Projected for Conservation under  
Props 40,50 and 84 

Year 

Forestland Oak Woodland 
Prop 40 and 50 Prop 84 Prop 40 and 50 Prop 84 

Annual 
acres 
conserved 

Cumulative 
acres 
conserved 

Annual  
acres 
conserved 

Cumulative 
acres 
conserved 

Annual 
acres 
conserved 

Cumulative 
acres 
conserved 

Annual 
acres 
conserved 

Cumulative 
acres 
conserved 

2005 23,000 23,000   19,000 19,000   
2006 23,000 46,000   19,000 38,000   
2007  46,000    38,000   
2008  46,000 22,500 22,500  38,000 2,500 2500 

2009  46,000 22,500 45,000  38,000 2,500 5,000 
2010  46,000 22,500 75,000  38,000 2,500 7,500 
2011  46,000 22,500 100,000  38,000 2,679 10,179 
2012  46,000 22,500 125,000  38,000  10,179 
2013  46,000 9,643 128,571  38,000  10,179 
2014  46,000  128,571  38,000  10,179 
2015  46,000  128,571  38,000  10,179 
2016   46,000  128,571  38,000  10,179 
2017   46,000  128,571  38,000  10,179 
2018   46,000  128,571  38,000  10,179 
2019   46,000  128,571  38,000  10,179 
2020   46,000  128,571  38,000  10,179 

7. Greenhouse Gas Emission Reductions 
The emission reduction benefit of forest and woodland conservation is driven by the area of land 
protected and the carbon stored per acre. This consists of the avoidance of the immediate 
emission of CO2 that would occur if the land were converted to another use that results in the 
reduction or removal of tree biomass.  It also includes the loss of additional carbon that the land 
would have sequestered over time, since USFS inventory and CAL FIRE analysis indicate that 
California’s forests are currently increasing by over 2% in volume per year (FRAP, 2003). 
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7.1 Avoided Conversion  

California has almost 25 million acres of conifer and hardwood forest lands and about 7.5 million 
acres of hardwood and conifer woodlands (FRAP, 2003).  The statistical probability that a 
random acre of these wildlands will be developed is very low.  Conservation programs, 
however, typically target lands that are at some risk of development or land use change due to 
stated landowner objectives, encroaching development, changes in surrounding land uses or in 
local infrastructure supporting current land use, or other factors.  

CAL FIRE analyzed the development of 28,000 acres of forests and woodlands with sparse or 
scattered structures that underwent parcelization (construction of at least  one house per 20 
acres).  Table 4 shows that annually approximately 80% went into 5-20 ac parcels, 15-20% to 
parcels larger than 0.5 ac but less than 5 acres, and only 1-2% ended up in half acre or smaller 
parcels.  
 
Table 4.  Acreage and Percent of Parcelized Forest and Woodland Area in 3 Lot Sizes  
   Acreage by Lot Size 

Total Ac 

Percent Acreage by Lot Size 

Vegetation 
Type 

Interface  Urban  
Very 

Urban  Interface Urban  Very Urban 
5-20 ac 0.5-5 ac <0.5 ac 5-20 ac 0.5-5 ac <0.5 ac 

Forest  15,591 2,687 185 18,463 84.4% 14.6% 1.0% 
Woodland  7,717 1,932 168 9,817 78.6% 19.7% 1.7% 

Totals 23,308 4,619 353 28,280 na na na 
  

The proportion of native biomass removal from these converted areas will vary, depending on 
land use, parcel size and original cover.   We estimate the following amount of biomass removal 
for lands parcelized for residential or industrial use:  

• 10% biomass removal for 5-20 ac lots 

• 25% biomass removal for 0.5-5 ac lots  

• 80% biomass removal for < 0.5 ac lots  

Unlike residential development, conversions for vineyards and rights of way may remove much 
higher amounts of biomass on the large parcels than the rates indicated above.   Many oak 
woodlands cleared for vineyards, however, are those with scattered tree cover, and attempts 
are often made to retain the trees (Giusti, pers. comm., 2006).  

Assumptions for Calculating CO2 Emissions 

To estimate expected CO2 emissions from projected land conversion, we assumed that: 

• Conservation purchases will reflect the predicted losses of vegetation subtypes within 
forest and woodland types (Table 1).  For example, forest conversions are evenly split 
between hardwood and conifer forest subtypes, so we assume Forest Habitat Program 
conservation purchases will be relatively evenly split between conifer and hardwood 
forest subtypes. This may be a worthwhile goal but it is probably a finer distinction than 
programs can realistically implement.  

• Avoided emissions occur only at year of purchase.  This is a very conservative 
assumption since in many counties parcels can readily be split into four lots without 
environmental review. Many parcels will also likely be developed into subdivisions at 
some point in the future.  If programs can demonstrate that more intensive development 
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would likely have occurred within the analysis period (i.e. before 2020), avoided 
emissions could be recalculated to demonstrate the greater GHG reduction benefits.  

• Conserved acreage would have been developed at the parcelization rates (Table 4).   

• Biomass would have been removed at the rates indicated above (80% for “very urban” 
parcels, 25% for “urban”, and 1% for “interface”) and burned or otherwise disposed so as 
to decompose that year.   

• No separate analysis for vineyards or rights of way is conducted, though these 
conversions may remove more biomass than the rates in Table 4 predict, and would 
therefore result in more emissions than indicated by the current analysis. 

• Biomass values of 62 t C/ac for conifer forest, 64 t C/ac for hardwood forests and 28 
tons C/ac for both hardwood and conifer woodlands are used.  These are derived from 
the USFS’ 2005 Forest Inventory Analysis (Pearson, 2006). 

• All funds are expended by 2013. 

Calculation Steps: 

1) Calculate the amount of forest and woodland acreage conserved for each subtype by 
multiplying annual acres (Table 3) by subtype percentages (Table 1).   

Table 5.  Conservation purchases by vegetation type and subtype (acres). 

 
Funding 
Program Year 

 

 Conserved Acres 
Forestland Oak woodland 

Conifer Hardwood Conifer  Hardwood 
 

Props 40 
and 50 

2005 12,016 10984 589 18,411 
2006 12,016 10984 589 18,411 

 2007         
 
 
 

Prop 84 
 

2008 11,755 10745 78 2,422 
2009 11,755 10745 78 2,422 
2010 11,755 10745 78 2,422 
2011 11,755 10745 83 2,596 
2012 11,755 10745     
2013 5,038 4605     

 

2) Calculate the total acres that would have been cleared or converted by multiplying the 
acreage results from Table 5 by the product of the parcelization rates (Table 4) and 
biomass removal rates for those parcels (listed in assumptions).  Use the following 
formulas: 
o Forest Ac ( (.844 x.1)+(.146 x.25)+(.01 x.8) ) = Ac (.0844+.0364+.008)= Ac (0.1288)  

o Woodland Ac ((.017 x.8)+(.197*0.25)+(.786*.1)) = Ac (.0137+.0492+.0786) = Ac (0.1415)  
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Table 6.  Avoided conversion on the conserved areas (acres) 

 
Funding 
Program 

 
Year 

Avoided Conversion (Acres) 
Forestland Oak woodland 

Conifer Hardwood Conifer  Hardwood 
Props 

40 and 50 
2005 1,548 1,415 83 2,605 
2006 1,548 1,415 83 2,605 

 2007 0 0 0 0 
 

 
 

Prop 84 
 

2008 1,514 1,384 11 343 
2009 1,514 1,384 11 343 
2010 1,514 1,384 11 343 
2011 1,514 1,384 12 367 
2012 1,514 1,384 0 0 
2013 649 593 0 0 

  

3) Calculate the one-time avoided emissions by calculating the CO2 value of the biomass 
that would have been removed from the acres of avoided conversion.  This is done by 
multiplying the acres of avoided conversion (Table 6) by the average biomass per acre for 
that vegetation subtype (i.e. 62 t C/ac for conifer forest, 64 t C/ac for hardwood forests and 
28 tons C/ac for both hardwood and conifer woodlands), and then multiplying that by 3.67 t 
CO2/t carbon to get tons CO2 (Table 7). 

 Table 7.  Avoided CO2 emissions on acres where conversion was avoided 

 

 

 
Funding 
Program 

 
Year 

Avoided Emissions (tons CO2) 
Forestland Oak woodland 

Conifer Hardwood Conifer  Hardwood 
Props 

40 and 50 
2005     352,232      332,355   8,529      267,690  
2006     352,232      332,355   8,529      267,690  

 2007              -                -                 -                -    
 
 
 

Prop 84 
 

    2008     344,496      325,074  1,130        35,247  
2009     344,496      325,074   1,130        35,247  
2010     344,496      325,074   1,130        35,247  
2011     344,496      325,074   1,233        37,713  
2012     344,496      325,074               -                -    
2013     147,673      139,284               -                -    

7.2 Avoided lost uptake     

In addition to the one-time avoided emission described above, it was assumed that the acres 
that would have been converted will continue to add biomass volume.  This is based on analysis 
showing that California forests are increasing in volume at over 2% annually (FRAP, 2003).  
Thus, we will also avoid losing the opportunity to increase sequestration over time.   

Assumptions: 

o The IPCC Good Practice Guidance (2003) carbon uptake rate for temperate conifer forest 
and woodlands of 0.6 tons carbon/ac per year is applicable to California conifer and 
hardwood forest subtypes, and the IPCC rate for temperate woodlands of 0.1 t C/ac/yr is 
applicable to California conifer and hardwood woodlands.  
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o Analysis is based on cumulative avoided conversion acreage because the forests would 
continue to grow over time.   

Calculation Steps: 

1) Add up avoided conversion acres by major vegetation type for each year.  

2) Multiply that acreage by 0.6 ton carbon /ac/yr and 0.1 ton carbon/ac/yr, and then multiply 
that by 3.67 t CO2/t carbon to get tons CO2. 

Table 8.  CO2 Uptake from acres where conversion was avoided 

Year 

Pro 40/50 Prop 84 
Forestland Oak Woodland Forestland Oak Woodland 

Cumulative  
Acres 

CO2 
Uptake 
(tons) 

Cumulative  
Acres 

CO2 
Uptake 
(tons) 

Cumulative  
Acres 

CO2 
Uptake 
(tons) 

Cumulative  
Acres 

CO2 
Uptake 
(tons) 

2005 2,963 6,525 2,688 986  -  - 
2006 5,926 13,049 5,376 1,973  -  - 
2007 5,926 13,049 5,376 1,973  -  - 
2008 5,926 13,049 5,376 1,973 2,898 6,381 354 130 
2009 5,926 13,049 5,376 1,973 5,796 12,763 708 260 
2010 5,926 13,049 5,376 1,973 8,694 19,144 1,062 390 
2011 5,926 13,049 5,376 1,973 11,592 25,526 1,441 529 
2012 5,926 13,049 5,376 1,973 14,490 31,907 1,441 529 
2013 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2014 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2015 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2016 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2017 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2018 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2019 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 
2020 5,926 13,049 5,376 1,973 15,732 34,642 1,441 529 

 

7.3  Total GHG Reductions 

1) One time avoided emissions are added to ongoing sequestration for each year.  Results are 
divided by 1,000,000 to give Million Metric Tons (MMT).  These are recorded in the tables 
that follow. 
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Year 

Total CO2 Benefits for All Strategies 

Prop 40 and 50  
Prop 84 Forest 
conservation 

Prop 84 Oak Woodland 
Conservation 

Avoided  Uptake Avoided  Uptake Avoided  Uptake 
2005 960,806 7,511     
2006 960,806 15,022     
2007  15,022     
2008  15,022 669,569 6,381 36,377 130 
2009  15,022 669,569 12,763 36,377 260 
2010  15,022 669,569 19,144 36,377 390 
2011  15,022 669,569 25,526 38,946 529 
2012  15,022 669,569 31,907  529 
2013  15,022 286,957 34,642  529 
2014  15,022 - 34,642  529 
2015  15,022 - 34,642  529 
2016  15,022 - 34,642  529 
2017  15,022 - 34,642  529 
2018  15,022 - 34,642  529 
2019  15,022 - 34,642  529 
2020  15,022 - 34,642  529 

 

2) Since the majority of benefits accrue from avoided conversion at the time of purchase, 
limited benefits show up at 2020.  Therefore we add up the cumulative benefits and divide 
by 16 years (the period from 2005 to 2020, inclusive, to get an annualized amount of 0.4 
MMT.   

Uncertainty 

Various areas of uncertainty are indicated in the assumptions.  They include the difficulty of 
achieving conservation targets for specific vegetation types.  Conservation purchases must 
often be opportunistic, and our ability to acquire precisely the type of land in the proportions 
desired may be limited.  The cost of land used for the analysis was also on the high end of a 
very wide range of costs.   

Uncertainties in the methodology also exist.  As described above, the methodology for avoided 
emission is very conservative.    In many counties parcels can readily be split into four lots 
without environmental review. Many parcels will also likely be developed into subdivisions at 
some point in the future.  If programs can demonstrate that more intensive development would 
likely have occurred within the analysis period (i.e. before 2020), avoided emissions could be 
recalculated to demonstrate the greater GHG reduction benefits.   Other land use conversions, 
such as agriculture and rights of way, may remove much higher amounts of biomass on large 
parcels than the 10% estimate for interface lands described in this analysis.  Other 
methodological consideration include the opportunity to improve factors for biomass loads and 
uptake for applicability to California.    

The US Forest Service – Forest Inventory and Analysis (FIA) database documentation 
(http://ncrs2.fs.fed.us/4801/fiadb/fiadb_documentation/fiadb_chapter2.htm) presents a general 
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discussion of error in FIA analyses. According to this source, by Forest Service mandate, 
sampling error for area must not exceed 3% per 1 million acres. By this method, the estimates 
of conifer forests should have an error percentage at the 95% confidence level of 2.4%; for the 
oak woodlands, the error would be 4.3%. For volume, error should be within 10% (for Western 
U.S. forests) per 1 billion cubic feet of growing stock, although these figures are not mandated. 
 Using this error value gives errors for the biomass estimates of 2.5% for the conifers and 6.6% 
for the oak woodlands. 

Using error propagation and weighting woodlands and conifers equally gives an estimated 
uncertainty of 8.6% for the carbon input data. Using FIA gives conservative numbers and it is 
possible that areas chosen for conservation will have higher biomass stocks than the average 
for the ‘large size class’ in the FIA database. This is also an uncertainty but it is systematic and 
conservative so will not be considered further here. 

Uncertainty also exists in the growth rate of the trees that would have been cut down in the 
absence of the conservation activity. This is a small component relative to the emissions from 
the vegetation removal and will not alter the total uncertainty. 

The uncertainty in the proportion of the biomass carbon that is removed in the process of 
development is highly uncertain and requires additional research. Here we estimate an 
uncertainty of 30%. Using propagation of errors gives a new combined error of 31%.  

The additional uncertainty can not be quantified. This uncertainty is in the location and rate at 
which conservation activities are implemented. This will be determined by state agencies and 
private landowners across the State as well as Federal and International interest and pressure 
regarding climate change. 

8. Costs and Cost Savings 
The costs of implementation approach 1 is non-existent for current purposes, as projects have 
occurred in the past. Fifty-four million dollars were spent to conserve 84,000 acres. In 
implementation approach 2, total cost is assumed to be the amount of funding available. No 
estimates are included here for the impact of a carbon market on uptake of conservation 
activities in California. On purely economic grounds no carbon market can compete with 
development if a real threat exists for the site to be rezoned and cleared of vegetation; the 
opportunity cost of not developing the land would be prohibitive. Where the income from 
development is least is in the areas of sparse development where few trees would be cut and 
hence carbon credits will also be lowest (e.g. 10% or less of standing carbon stock). 

The carbon market will therefore have an impact only for those whose motivation is not purely 
financial but for whom the small income from carbon is enough to reinforce alternative 
motivations for maintaining undeveloped land. It is not possible, without significant additional 
research, to identify if there will be such an impact and on what scale it would occur. 

9. Other Benefits 
Forestland conservation provides multiple climate change benefits as well as additional 
environmental and economic benefits associated with protecting wildlife and habitats, 
recreational opportunities, watersheds and working landscapes.  In contrast to the other forest 
sector strategies such as reforestation, the climate benefits of forest conservation are 
immediate. Forest conservation ensures that land is available for continued or enhanced 
sequestration of carbon in trees.  Preserving abundant forest cover also buffers landscapes 
from other climate change impacts such as changes in hydrology, evapotranspiration and 
watershed processes, increased temperatures and associated impacts to wildlife.  Conserving 
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large tracts of land in forest cover also protects wildlife and reduces habitat fragmentation, and 
provides opportunities for recreation, wood product production and use for other forest products.   

10. Summary Table 
See attached. 

11. References 
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Stewart, Bill.  2006. Chief of Forest and Resource Assessment Program, California Department 
of Forestry and Fire Protection.  Personal communication. 

 August 24, 2007 Page 13 

Attachment B   Page  194



For Public Review and Comment 

Detailed Strategy Goals Table 
Strategy:   Forest Conservation 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  All  

 

Year 

Strategy Goals as Defined by the Strategy Metrics 

Prop 40 and 50  
Prop 84 Forest 
conservation 

Prop 84 Oak Woodland 
Conservation 

Annual Acres 
Conserved 

Cumulative 
Acres 

Conserved 

Annual 
Acres 

Conserved 

Cumulative 
Acres 

Conserved 
Annual Acres 
Conserved 

Cumulative 
Acres 

Conserved 
2005 42,000 42,000     
2006 42,000 84,000     
2007       
2008   22,500 22,500 2,500 2,500 
2009   22,500 45,000 2,500 2,500 
2010   22,500 75,000 2,500 2,500 
2011   22,500 100,000 2,679 2,679 
2012   22,500 125,000  10,179 
2013   9,643 128,571  10,179 
2014    128,571  10,179 
2015    128,571  10,179 
2016    128,571  10,179 
2017    128,571  10,179 
2018    128,571  10,179 
2019    128,571  10,179 
2020    128,571  10,179 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Forest Conservation 
Agency:   California Department of Forestry and Fire Prevention 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  All 

 

Year 

 
Strategy Goals as Defined by the Strategy Metrics 

CO2 (Million Metric Tons)  Total for All 
Approaches Cumulative 

  Prop 40 and 50  
Prop 84 Forest 
conservation 

Prop 84 Oak 
Woodland 

Conservation 
2005 0.968 - - 0.968 0.97 

2006 0.976 - - 0.976 1.94 
2007 0.015 - - 0.015 1.96 
2008 0.015 0.676 0.037 0.727 2.69 
2009 0.015 0.682 0.037 0.734 3.42 
2010 0.015 0.689 0.037 0.741 4.16 
2011 0.015 0.695 0.039 0.750 4.91 
2012 0.015 0.701 0.001 0.717 5.63 
2013 0.015 0.322 0.001 0.337 5.96 
2014 0.015 0.035 0.001 0.050 6.02 
2015 0.015 0.035 0.001 0.050 6.07 
2016 0.015 0.035 0.001 0.050 6.12 
2017 0.015 0.035 0.001 0.050 6.17 
2018 0.015 0.035 0.001 0.050 6.22 
2019 0.015 0.035 0.001 0.050 6.27 
2020 0.015 0.035 0.001 0.050 6.32 
Note:  Since the majority of benefits come from the one-time avoided emissions at time of purchase and 
all purchases are completed by 2013, CO2 savings appear minimal for 2020.  Therefore, an annualized 
amount of 0.4 MMT will be used in the economic analysis (cumulative total divided by 16 years, 2005 
through 2020).  
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Detailed Cost Table 
Strategy:  Forest conservation  
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  All 

 

Year4 

Cost Estimates1 
Prop 40 and 50 

Conservation Programs
 

Prop 84 Forest Habitat 
Conservation Program 

 

Prop 84 Oak Woodland 
Conservation Program 

 

Capital 
Costs 

Operating 
Costs 

Capital 
Costs 

Operating 
Costs 

Capital 
Costs 

Operating 
Costs 

2005       
2006       
2007       
2008   $31,500,000  $3,500,000  
2009   $31,500,000  $3,500,000  
2010 N/A1

  $31,500,000  $3,500,000  

2011 
  $31,500,000 

 
$3,750,000 

  

2012   $31,500,000    
2013   $13,500,000    
2014       
2015       
2016       
2017       
2018       
2019       
2020 N/A      
Full 

Implementation 
Year 

      

Uncertainty5 N/A      
1  Costs for Prop 40 and 50 already incurred 
 

                                                 
1 Costs for this strategy have already been incurred. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Fuels Management/Biomass 

2. Agency:  California Department of Forestry and Fire Protection 
Lead staff:  

Bill Snyder, Deputy Director for Resource Management 

Russ Henly, Assistant Deputy Director for Resource Protection 

Doug Wickizer, Chief Environmental Protection and Regulation 

Dean Cromwell, Admin. and Natural Resource Policy Manager,  Fire and Resource 
Assessment Program 

3. Strategy Description 
Overview 
This Fuels Management/Biomass strategy is designed to reduce greenhouse gas (GHG) 
emissions through the use of timely fuel hazard reduction treatments on suitable forest land 
throughout the state.  While hazardous fuel reduction techniques include fire use, biological 
methods, and mechanical treatments, this strategy focuses solely on mechanical treatments as 
a means of reducing fire hazard.1  This strategy combines the fire prevention benefits of fuel 
hazard reduction with the supply of biomass for use in bio-power and bio-fuel production.  
Therefore, this strategy supports the goals of the Bioenergy Action Plan, including the goal to 
enhance the supply of biomass through fuel hazard reduction (CEC, 2006). 

This strategy reduces GHG emissions through two primary mechanisms: 

1. Through hazardous fuel treatment, the frequency and severity of wildfires will be 
reduced.  As a result, CO2 emissions will be reduced and more carbon will remain in 
forest biomass. 

2. The fuel (biomass) removed as part of the treatment can be used to produce electricity 
and liquid fuels.  This biomass-based energy can displace the use of fossil energy 
(natural gas for electricity production and petroleum-based gasoline), thereby displacing 
the GHG emissions from the use of these fossil fuels.  

This strategy is constructed in two parts.  The first part focuses on the fuels treatments that can 
be accomplished through state funding and coordination with federal forest management 
activities.  This element of the strategy is limited primarily by the funds available to support 
treatment activities. 

The second element is focused on producing biomass to support the goals of the Bioenergy 
Action Plan.  The forest lands requiring treatment are significantly larger than the areas that can 
be addressed with available funding in the first part of the strategy.  By promoting the use of 
biomass for bio-power (electricity) and bio-fuel production, the strategy proposes to achieve 
forest management goals by satisfying the growing demand for renewable energy sources.   

                                                 
1 Mechanical fuel treatment can include crushing brush and other fuels as well as removing trees that 
serve as ladder fuels to the crown.   
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Affected Entities 
The affected entities for Fuel Management/Biomass include but are not limited to: 

• Private Landowners:  This strategy will apply to conifer, montane hardwood, oak woodland, 
grasslands and chaparral covered lands that are privately owned.  The strategy envisions 
promoting fuel hazard treatment by these landowners.  

• Public Landowners:  The strategy proposes to maintain and enhance the level of fuel hazard 
reduction activities by Federal and state landowners.  State funding for fuel hazard 
treatment on state-owned lands is required to implement this element of the strategy. 

• Regulatory Agencies: Treatment in the conifer forest vegetation types will likely involve 
removing some trees with commercial value.  Sale of these trees will help pay for the fuel 
hazard reduction treatment, but could also trigger review and involvement by regulatory 
agencies.  Agencies involved with forest management on private lands include the State 
Water Resources Control Board, Department of Fish and Game, California Geological 
Survey, Air Resources Board, Coastal Commission, Native American Heritage Commission, 
county governments, National Marine Fisheries Service, US Fish and Wildlife Service, and 
US Environmental Protection Agency.  Each of these agencies has regulatory authority over 
a particular resource that may be impacted by forest management activities.   

• Nonprofits: California has a rich population of nonprofit organizations that are involved with 
management of the state’s resources.  Examples of these organizations are The Nature 
Conservancy, Conservation Fund, Pacific Forest Trust, local land trusts, Sierra Club, Fire 
Safe Councils, and a variety of organizations representing forest professionals.  These 
entities also have a variety of objectives and missions that impact land use allocations or 
groups of projects with possible environmental impacts, and it is anticipated that this 
strategy will attract the involvement of some of these groups and other groups.  

• Local Government:  Counties and cities periodically revise their General Plans to account for 
fire safety in their land use actions.  This strategy will be supported through the submission 
by counties of amendments to the public safety element of their General Plans to the Board 
of Forestry and Fire Protection as required by the Government Code. 

• Bioenergy Producers:  A critical aspect of this strategy is the production of bioenergy from 
the biomass removed from forest lands.  The capacity to utilize this biomass to produce 
electricity and liquid fuels must be expanded considerably in order to achieve the goals of 
the Bioenergy Action Plan and this strategy.   

Related Objectives 
The strategy is motivated by multiple benefits.  Improved fuels management provides benefits 
through improved water quality, wildlife habitat diversity, improved air quality, and reduced risk 
to life and property.  The vegetation management treatments used for reducing fire hazard also 
aid in maintaining a healthy forest that provides all of the associated economic and ecosystem 
service benefits.  The bioenergy component of the strategy helps to meet the state’s bio-power 
and bio-fuels targets, reducing reliance on fossil fuels and imported energy.  

Strategy Metrics 
The three metrics for tracking the implementation of this strategy are: 

• Acres Treated:  The number of acres treated annually tracks the fuel hazard reduction 
activity accomplished.  This is the primary metric as it drives both the reduction in fire hazard 
as well as the production of biomass for bioenergy production. 
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• Biomass Removal:  The amount of biomass removed annually tracks the biomass available 
for bioenergy production. 

• Bioenergy Production:  The amount of added capacity for producing bio-power and bio-fuel 
from forest-derived biomass indicates the ability to promote the use of this biomass for 
displacing fossil fuels. 

Strategy Goals and Implementation Approaches 
As described above, this strategy is comprised of two main parts:  (1) fuels treatment through 
state funding and in coordination with federal forest management activities; and (2) promotion of 
bioenergy production from fuels-treatment and forest health-derived biomass.  Each is 
discussed in turn. 

(1) Fuels treatment accomplished through state funding and coordination with federal 
forest management activities.   
This component of the strategy is driven primarily by the funding available to support fuel hazard 
reduction treatment.  The amount of land on which treatment can be performed is a function of 
the funding available and the treatment cost per acre.  Per-acre costs vary widely depending on 
treatment prescription, volume and type of fuel being removed, equipment configuration, site 
conditions, and other factors (USDA Forest Service Research & Development/Western Forestry 
Leadership Coalition 2003).  For purposes of this analysis, the amount of treatment that can be 
supported is estimated based on a cost of $400/acre as an average cost of harvest and removal 
to the roadside.  This value is based on CFIP cost-share cap rates (CFIP Users Guide 2005), 
and we recognize that additional costs will be incurred to cover the full cost (chipping and 
transport) to move the fuel to a bioenergy facility.  This additional cost would be associated with 
the operation of the bioenergy facility, discussed below. 

The following funding sources are identified to date.  Additional funding would enable additional 
activity to be undertaken. 

• Existing Proposition 40 Bond Funds:  CAL FIRE will continue to use Proposition 40 bond 
funds to support fuel reduction activities that protect watersheds and water quality, which is 
estimated at $5 million annually for 2007, 2008, and 2009.  This funding will cover 
approximately 12,500 acres of treatment per year for three years (at $400/acre).  Fifteen 
Sierra Nevada counties are eligible for Prop 40 fuel reduction, corresponding roughly to the 
LCMMP regions of Northern Sierra and Southern Sierra. 

• Additional Fuels Management Funds: CAL FIRE will work to secure support for a new round 
of funding for watershed protection via fuel hazard reduction, in order to replace the 
Proposition 40 funding when it runs our in 2009.  It is assumed that this funding will also be 
for five years (2010-2014), at similar funding levels ($5 million per year), providing funding 
for fuel reduction in 15 Sierra Nevada counties.  This funding will cover approximately 
12,500 acres of treatment per year for five years in the eligible counties. 

• Proposition 84 Bond Funds:  Passed by California voters in November 2006, Proposition 84 
allows the state to sell $5.4 billion in general obligation bonds for safe drinking water, water 
quality, and water supply; flood control; natural resource protection; and park improvements.  
The amount of funds that may be available for fuel hazard treatment is not known at this 
time.  For purposes of this analysis, we assume that:   

 Of the $315 million devoted to wildlife habitat protection and forest conservation 
(Chapter 6), most of these funds will be spent for land acquisition and related costs.  A 
small percentage, 10%, or $31.5 million, is assumed to be allocated to fuel hazard 
reduction to protect the value of investments in forest/habitat. 
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 Of the $25 million devoted to the California Conservation Corps for public safety and 
community fuel load reduction (Chapter 5), 25% is assumed to be for fuel reduction. 

The $37.75 million in total funding from these two sources is assumed to be spread over 13 
years (2008 to 2020), for approximately $2.9 million per year.  This level of funding supports 
treating approximately 7,260 acres per year from 2008 to 2020. 

• CFIP Augmentation:  The California Forest Improvement Program (CFIP), created through 
legislation in 1978, provides technical and financial assistance to eligible landowners 
(primarily non-industrial private forest landowners with holdings under 5,000 acres) for forest 
management activities that improve the quality and value of forestland.  There is a range of 
forest improvement practices eligible for CFIP assistance, including fuel reduction.2 The 
program provides cost-sharing of 75% and in special cases up to 90% (CFIP Users Guide 
2005).  We assume that a stable level of CFIP funding is provided at $5 million annually, 
beginning in 2008 and continuing through 2020.  This amount of funding is an increase from 
recent levels.  Because CFIP is a multi-purpose program, we assume only 25% of CFIP 
funds or $1.25 million per year for 2008-2020 are devoted to fuel hazard reduction.  At the 
75% cost-share level, this effectively would make $1.67 million per year available for fuel 
hazard reduction on non-industrial private forest lands.  With this level of funding, 
approximately 4,167 acres can be treated per year. 

The total acres treated over time with these sources of funding are presented in Table 1.  As 
shown in the table, nearly 24,000 acres per year can be treated from 2008 to 2014.  After 2014, 
approximately 11,500 acres can be treated annually with the estimated funding. 

The second component of this implementation approach concerns efforts to maintain or 
increase the number and scale of federal fuel hazard reduction treatments.  Federal land 
management agencies including US Department of Interior (National Park Service, US Fish and 
Wildlife Service, Bureau of Land Management, and Bureau of Indian Affairs) and US 
Department of Agriculture (US Forest Service) have been treating on average around 224,000 
acres per year for fuel reduction over fiscal years 2003-05 (D. Cromwell, CAL FIRE, personal 
communication, 11/29/06).  However, for this analysis we conservatively exclude area treated 
using prescribed fire.  Excluding prescribed fire and considering only mechanical treatments 
potentially yielding usable biomass, federally funded Wildland Urban Interface (WUI) and other 
projects in California over fiscal years 2003-06 totaled some 572,000 acres and averaged 
143,000 acres per year (Table 2).  Although this treatment level may be increased, we assume 
it will be maintained. 

The biomass produced per acre can vary significantly based on site-specific conditions.  A 
useful average of 13 bone dry tons/acre (BDT/acre) has been suggested (D. Wickizer, CAL 
FIRE, personal communication, 11/27/06).  Using this rate, the total biomass produced over 
time is presented in Table 3.  Associated with this biomass production is an estimate of the 
potential bio-power production.  A reasonable rule-of-thumb is that 8,000 bone dry tons of 
biomass are required per megawatt (MW) of electricity production capacity, assuming an 85% 
utilization rate (T. Mason, TSS Consultants, personal communication, 12/4/06).3  The implied 
bio-power capacity and bio-power generation are shown in Table 3.  As shown in the exhibit, 
approximately 250 MW of bio-power production capacity can be supported by the biomass 

                                                 
2 For purposes of CFIP, fuel reduction is defined to include the practices of pre-commercial thinning 
(reducing the number of stems of small commercial tree species to a predetermined spacing to improve 
growth and/or to reduce fuel loads), release (removal of competing non-commercial tree species or 
shrubs) and pruning (removal of branches to a minimum height of 10 feet or ½ of the Live Crown Ratio). 
3 An 85% utilization rate implies 8,760 hours per year x 85% x 1 MW = 7,446 MWh of generation/year. 
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produced from these state-funded and federal fuel hazard treatment activities in 2020.  The 
majority of the estimated biomass produced in Table 3 is expected to be associated with federal 
activities, which account for the majority of the acres treated. 

 

Table 1:  Estimated State-Funded Fuel Treatments 

Year 
Existing 
Prop 40 

New 
Prop 40 Prop 84 

CFIP 
Augmentation Total 

2005       
2006       
2007 12,500    12,500 
2008 12,500  7,260 4,167 23,926 
2009 12,500  7,260 4,167 23,926 
2010  12,500 7,260 4,167 23,926 
2011  12,500 7,260 4,167 23,926 
2012  12,500 7,260 4,167 23,926 
2013  12,500 7,260 4,167 23,926 
2014  12,500 7,260 4,167 23,926 
2015   7,260 4,167 11,426 
2016   7,260 4,167 11,426 
2017   7,260 4,167 11,426 
2018   7,260 4,167 11,426 
2019   7,260 4,167 11,426 
2020   7,260 4,167 11,426 
Total 37,500 62,500 94,375 54,167 248,542 

 

Table 2:  Federal (USDA and DOI) Fuels Treatments in California  
Agency FY2003 FY2004 FY2005 FY2006 4-year total 4-year average 

BIA 1,839 4,301 2,404 4,120 12,664 3,166 
BLM 12,523 10,620 21,345 12,954 57,442 14,361 

USFWS 12,740 8,521 8,731 84,136 114,128 28,532 
NPS 3,635 3,098 4,889 2,475 14,097 3,524 

USFS 52,039 133,170 104,521 84,340 374,070 93,518 
All federal 82,776 159,710 141,890 188,025 572,401 143,100 

Includes Wildland Urban Interface (WUI) and other treatments, mechanical only. Source: 
http://www.fireplan.gov/nfp_hft_ytd.cfm?statename=California. 
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Table 3:  Summary of Acres Treated, Biomass Produced, and Bio-Power Estimates 

Year 

Acres Treated Annually Biomass 
Produced 

(13 BDT/Acre)

Bio-Power Capacity and 
Generation1 

State 
Funded 

Federal 
Activities 

Total State 
and Federal MW GWh 

2005   141,890 141,890 1,844,570 231 1,720 
2006   188,025 188,025 2,444,325 306 2,278 
2007 12,500 143,100 155,600 2,022,803 253 1,884 
2008 23,926 143,100 167,027 2,171,345 271 2,018 
2009 23,926 143,100 167,027 2,171,345 271 2,018 
2010 23,926 143,100 167,027 2,171,345 271 2,018 
2011 23,926 143,100 167,027 2,171,345 271 2,018 
2012 23,926 143,100 167,027 2,171,345 271 2,018 
2013 23,926 143,100 167,027 2,171,345 271 2,018 
2014 23,926 143,100 167,027 2,171,345 271 2,018 
2015 11,426 143,100 154,527 2,008,845 251 1,869 
2016 11,426 143,100 154,527 2,008,845 251 1,869 
2017 11,426 143,100 154,527 2,008,845 251 1,869 
2018 11,426 143,100 154,527 2,008,845 251 1,869 
2019 11,426 143,100 154,527 2,008,845 251 1,869 
2020 11,426 143,100 154,527 2,008,845 251 1,869 
Total 248,542 2,333,319 2,581,860 4,915,179 31,221 

1.  MW of bio-power capacity is total new capacity over time (not the capacity added each 
year).  Bio-power generation, in GWh, is annual generation. 

 

 

(2) Biomass produced to support the goals of the Bioenergy Action Plan.   
The second component of this strategy is to promote the production of biomass and bioenergy 
to support the goals of the Bioenergy Action Plan.  The strategy is defined by the amount of 
biomass needed to fulfill the state’s goals for producing biomass fueled electricity (i.e., bio-
power) and biomass derived liquid fuel (i.e., bio-fuel). 

Bio-Power:  Currently, 28 biomass power plants in California use approximately 4 million dry 
tons (MDT) of solid biomass per year to generate 615 megawatts (MW) of baseload electricity.  
These plants burn an array of feedstocks, including forest fuels, wood processing residues, 
municipal solid waste, agricultural and horticultural residues, recycled material and other 
feedstocks.  With an additional 360 MW from landfill gas and biogas (sewage treatment, food 
waste and animal waste), California’s current bio-power total is about 975 MW, meeting about 
2% of the state's electricity demand (CEC 2006c). 

In order to achieve the state’s bio-power objectives, including the Renewable Portfolio Standard, 
we estimate that 1,450 MW of new bio-power capacity is needed by 2020, including 1,100 MW 
from solid biomass (with the remainder from landfill gas and biogas).  For 2010, approximately 
350 MW of new bio-power capacity is proposed (CEC 2005, 2006c).  At a rate of 
8,000 BDT/MW, the solid biomass required to support these goals for new bio-power capacity 
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are 2.8 MDT/y in 2010 and 8.8 MDT/y in 2020.  Given the 615 MW of existing capacity, the total 
biomass production required (new and existing) is 7.7 MDT/y in 2010 and 13.7 MDT/y in 2020. 

The state's technical potential for producing suitable solid biomass exceeds the levels required 
to achieve these goals.  Current production potential is estimated at 30 MDT/y.  This technical 
potential is expected to increase to 34 MDT/y by 2010 and 38 MDT/y by 2020, due primarily to 
energy crops as well as slight growth in agricultural residues and municipal waste (CEC 2005, 
2006c). 

Forest biomass produced through fuel hazard can be used to support this increased capacity for 
bio-power production.  The Bioenergy Action Plan reports that forestry residues would constitute 
44% of all solid biomass production in 2010 and 41% in 2020, in terms of technical potential 
(CEC 2006c).  The sources of forest residue include:  mill residues (23%); forest thinnings 
(29%): logging slash (30%); and chaparral/shrub (18%) (CEC 2005).  We estimate that fuel 
hazard treatment can be conducted to produce the forest thinnings, chaparral/shrub, and ½ of 
the logging slash, or 62% of the technical potential for forestry residues.   

Using this 62% figure, the desired biomass production from fuel hazard reduction is estimated 
at: 

For 2010:   7.7 MDT/y x 44% from forest residues x 62% from fuel treatment = 2.1 MDT/y 
For 2020: 13.7 MDT/y x 41% from forest residues x 62% from fuel treatment = 3.5 MDT/y 
 

Although the rate of biomass production per acre varies with site-specific conditions, we use an 
average of 13 BDT/acre to estimate the total acres required to be treated to support this level of 
bio-power production at approximately 162,000 acres/year in 2010 and 268,000 acres/year in 
2020.  This amount of treatment is similar to the state-funded and federal treatment levels 
described above for 2010, and exceeds those levels in 2020.  Table 4 presents a summary of 
these calculations. 

Table 4:  Summary of Estimated Treatment Acres to Support Bio-Power Production 
  Units 2010 2020 
New bio-power capacity additions to meet state goals MW 350 1,450
Total (new + existing) bio-power to meet state goals MW 965 1,715
Solid biomass, all types, required for total bio-power capacity MDT/y 7.7 13.7
Proportion of forestry residues in total solid biomass % 44% 41%
Proportion of forestry residues supplied by fuel treatment % 62% 62%
Forest fuels required for total bio-power capacity MDT/y 2.1 3.5
Average dry ton/acre removal in fuels treatments DT/acre 13 13
Annual fuel treatment area needed to supply total (new + existing) 
bio-power capacity  acres/y 161,709 267,795

 

The bio-power production impacts can be calculated from these values.  The additional bio-
power capacities in 2010 and 2020 are 350 MW and 1,450 MW respectively.  The portions 
associated with the fuel hazard treatment in this strategy are: 

For 2010:    350 MW x 44% from forest residues x 62% from fuel treatment = 95 MW 
For 2020: 1,450 MW x 41% from forest residues x 62% from fuel treatment = 368 MW 
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Using a capacity factor of 85%, the GWh produced in 2010 is 710 GWh in 2010 and 2,740 GWh 
in 2020. 

Bio-Fuel:  The contribution of forest residues to bio-fuel production can be estimated in a 
manner that is similar to the estimates performed for bio-power.  The Bioenergy Action Plan 
sets a target of 1.2 billion gallons (bln gal/y) of bio-fuels used in California by 2010 and 2.0 bln 
gal/y by 2020.  Executive Order S-06-06 sets in-state production goals of 240 mln gal/y (20%) 
by 2010 and 800 mln gal/y (40%) by 2020.  These levels of production are well within the state’s 
estimated technical potential from available cellulosic biomass of 2.6 bln gal/y of ethanol in 2010 
and 2.9 bln gal/y in 2020 (CEC 2006c).  Biomass from forest thinnings alone has the technical 
potential to yield 990 mln gal/y of lignocellulosic ethanol, or a quantity exceeding the in-state 
production target (CEC 2006d).4 

To achieve the California in-state biofuels production targets, assuming an average yield of 
75 gal/dry ton of biomass, will require 3.2 MDT/y in 2010 and 10.7 MDT/y in 2020 including all 
types of solid biomass.  We assume that in the long term as lignocellulosic biomass conversion 
technologies mature, forestry residue can supply an increasing portion of this biomass due to 
the abundance of these feedstocks in California combined with the high value of agricultural 
land and water.  The appropriate percentages for the forestry contribution are open to debate; 
here, we propose that 25% of lignocellulosic biomass used for in-state biofuels production will 
be forestry-related in 2010, but that by 2020 this proportion will increase to 50%. 

As for the proportion of forest fuels within forestry residues, we include no logging slash 
(inappropriate composition for existing bio-fuels conversion technologies) and no mill residues 
(although appropriate for bio-fuel production, this biomass is not but directly part of this 
strategy).  We include all forest thinnings and chaparral/shrub (may need to be debarked and 
clean-chipped for bio-fuels production).  The resulting proportion of forest fuels within forestry 
residues is 47%.  With these assumptions, total forest fuels needed to meet in-state bio-fuels 
production targets will be 0.4 MDT/y in 2010 and 2.5 MDT/y in 2020. 

For 2010: 240 mln gal/y / 75 gal/ton x 25% from forest residues x 47% from fuel treatment = 0.4 MDT/y 
For 2020: 800 mln gal/y / 75 gal/ton x 50% from forest residues x 47% from fuel treatment = 2.5 MDT/y 
 

Using the same average removal of 13 BDT/acre for fuel hazard reduction, meeting the in-state 
bio-fuels production targets for 2010 and 2020 will require treating 29,000 acres/y in 2010 and 
192,000 acres/y in 2020. 

The bio-fuel production impacts can be calculated from these values.  The bio-fuel production 
associated with the fuel hazard treatment in this strategy are: 

For 2010: 240 mln gal/y x 25% from forest residues x 47% from fuel treatment = 28 mln gal/y 
For 2020: 800 mln gal/y x 50% from forest residues x 47% from fuel treatment = 187 mln gal/y 
 

Table 5 summarizes the estimates for the bioenergy portion of the strategy.  As shown in the 
table, the estimated total acres treated for the bioenergy portion of the strategy is larger than the 
total acres estimated for the state-funded and federal treatment activities.  In order for these 
levels of activity to be achieved, the demand for bioenergy must materialize, and the capacity to 

                                                 
4 Lignocellulosic biomass, also called cellulosic biomass, is a general term for biomass that is not food or 
feed, such as woody biomass, perennial grasses, and the non-food components of traditional agricultural 
crops. 
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produce and use the biomass must be built.  The combined impacts of both components of the 
strategy are presented in the Detailed Strategy Goals Table. 

 

Table 5:  Summary of Acres Treated and Bioenergy Produced 

Year 

Acres Treated Bioenergy Impacts1 

Bio-power Bio-fuel Total 
Added MW 
Bio-Power 

Added GWh 
Bio-Power 

Mln Gal 
Bio-Fuel2 

2005        
2006        
2007        
2008        
2009        
2010 161,709 28,833 190,542 95 710 28 
2011 172,317 45,171 217,489 123 913 44 
2012 182,926 61,510 244,436 150 1,116 60 
2013 193,535 77,848 271,383 177 1,319 76 
2014 204,143 94,187 298,330 204 1,522 92 
2015 214,752 110,525 325,277 232 1,725 108 
2016 225,360 126,864 352,224 259 1,928 124 
2017 235,969 143,202 379,171 286 2,131 140 
2018 246,577 159,541 406,118 313 2,334 156 
2019 257,186 175,880 433,066 341 2,537 171 
2020 267,795 192,218 460,013 368 2,740 187 
Total 2,362,269 1,215,779 3,578,048   18,971 1,185 

1.  MW of bio-power capacity is total new capacity over time (not the capacity added each 
year).  Bio-power generation, in GWh, is annual generation.  Bio-fuel production is annual 
production. 
2.  Bio-fuel is estimated to have approximately 67% the energy value of gasoline.  The 
volume of bio-fuel production must be multiplied by 0.67 to estimate the equivalent 
amount of gasoline. 

 

4. Technology 
This strategy relies on two groups of technologies, for fuels management and biomass energy 
production respectively. 

Fuels Management:  Proven technologies to reduce forest fuel loading vary widely depending 
on site-specific factors.  We focus here on the approaches and technologies that allow removal 
of biomass, due to the additional GHG benefit from fossil fuel displacement and additional 
revenues from bio-power and bio-fuels markets. Other approaches are available that do not 
remove biomass but still reduce fuel loads and thus wildfire GHG emissions.  Some of the 
alternative approaches will be technically or economically preferred for lands that are too steep, 
too rugged, too distant from biomass facilities or for other reasons not treatable using a 
technology that removes biomass.  Prescribed fire, mastication, and pile-burning are examples.  
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The initial step of harvesting understory fuels may be accomplished by skilled hand crews.  
Other fuels, such as heavy brush, may be harvested using bulldozers or excavators.  Removal 
to a roadside landing is done with tracked or rubber-tired skidders, forwarders, or cable 
systems, with the technology choice dependent on terrain, distance moved, material size and 
value. This technology is most often not yet cost effective but the Department is working with 
University of California at Davis in defining equipment development needs.  Equipment choice is 
also affected by the need to minimize ground damage and erosion potential for the slope and 
terrain conditions being treated.   

Commercial sawtimber suitable for processing will be loaded on log trucks, either using a log 
loader or self-loading log trucks, for transport to wood-processing facilities.  Non-commercial or 
“submerchantable” biomass, including small trees, slash from merchantable trees, brush and 
understory vegetation, will be put into chippers, tub grinders or other equipment appropriate for 
the fuel been removed.  Chips are transported in chip vans – tractor-trailers designed for 
efficient loading and unloading using truck lifts at the bioenergy facility (USDA Forest Service 
Research & Development/Western Forestry Leadership Coalition 2003). 

Bioenergy:  Proven technologies to convert solid biomass fuels to electricity are currently in use.  
California’s current biomass-fueled electric generating plants use conventional, direct-fired 
combustion to produce steam for turbines generating electricity at net thermal conversion 
efficiencies in the range of 20-28% (CEC 2005).  These plants burn a broad array of feedstocks, 
including forest fuels but also wood processing residues, municipal solid waste, agricultural and 
horticultural residues, recycled material and other feedstocks.  Some generators are sited at 
wood-processing facilities and are cogeneration technologies, using wood-processing and 
forestry residues to generate a portion of the plant’s electricity and process heat, steam or hot 
water for lumber kilns.   

Other potential bio-power conversion technologies include:  co-firing biomass in coal-fired power 
plants (not common in California, but prevalent in other regions where forest fuel reduction is 
needed, and providing efficiency gains, GHG and criteria pollutant reductions); combined heat 
and power (CHP) applications; smaller, distributed generation systems; and biomass integrated 
gasification combined cycle (BIGCC) plants, offering efficiency improvements (CEC 2005, 
2006c, d). 

Biofuels:  Technologies for conversion of lignocellulosic biomass into transportation fuels (fuels 
that can be substituted or blended with conventional petroleum-based transportation fuels) are 
at much earlier stages of technological and commercial maturity than bio-power technologies. 
Currently, the state has only very small production capacity in conventional biodiesel (16 mln 
gal/y) and conventional ethanol (35 mln gal/y, with additional capacity planned).5  Neither of 
these processes is suitable for producing bio-fuels from the woody biomass removed from 
forests for fuel hazard reduction.  Rather, bio-fuels will be produced from lignocellulosic 
components of plant material through thermochemical and biochemical processes.   

Lignocellulosic biomass can be converted to ethanol through a biochemical process, using acid 
or enzymatic hydrolysis to separate cellulose and hemicellulose from lignocellulosic material 
and create sugars, followed by fermentation of the sugars into ethanol.  Lignocellulosic biomass 
can also be converted to ethanol or other biofuels through thermochemical pathways, using 
gasification to produce a syngas followed by Fischer-Tropsch synthesis (the “biomass-to-liquids” 
pathway), to produce gasoline and diesel hydrocarbon substitutes.  Another thermochemical 

                                                 
5 Conventional biodiesel means a biofuel from transesterification of plant oils suitable for use in 
compression ignition (diesel) engines. Conventional ethanol production means bioethanol fermented from 
starch and sugar crops (CEC 2006d). 
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option is to use pyrolysis to produce liquid fuel directly, though the outputs of this process are 
less amenable to conversion into transportation fuels.  All of the technologies to convert 
lignocellulosic biomass into biofuels that can be integrated into refinery feedstock and/or directly 
blended in transportation fuels require additional research and development efforts and remain 
to be demonstrated at commercial scale (CEC 2005, 2006c, d).  This strategy assumes that the 
technology is developed over time to support this bio-fuel production.  Such development will be 
needed to achieve the goals of the Bioenergy Action Plan. 

5. Statutory Status 
The following areas will or may need to be addressed: 

• The California Forest Improvement Program (CFIP) is authorized in Public Resources Code 
4790 through 4799.04 and authorizes the Department to provide technical and other 
assistance (cost-share funding) to private landowners with ownerships 5,000 acres and 
under.  These lands must have tree canopy cover greater than or equal to 10% or be 
capable of supporting such a tree cover.  Some amendments of this set of statutes may be 
needed to allow use of state funds on larger private land ownerships and for state lands, if 
further discussion reveals a need.  

• Action is necessary to establish adequate and reliable CFIP funding for cost-share 
assistance. 

Additional actions that would facilitate this strategy include: 

• Implementation by the Public Utilities Commission of the accelerated Renewable Portfolio 
Standard (RPS) for investor-owned utilities of 20% renewables by 2010 and 33% by 2020, 
and within these RPS goals, implementation of the Executive Order S-06-06 target of 20% 
electricity from biomass. 

• Implementation by the Energy Commission of similar RPS targets for the State's municipal 
utilities. 

• Tax incentives, similar to those in the Timberland Production Zone model, to encourage 
landowners to implement fuel hazard reduction projects. 

• Ongoing priority and funding for improved data collection, mapping and monitoring, including 
the Department Fire and Resource Assessment Program (FRAP) land cover change 
monitoring. 

6. Implementation Steps and Timeline 
Each of the implementation approaches listed above is addressed individually below. 

1. Bioenergy Action Plan. The Department and other state agencies have specific 
assignments with timelines set forth in the Bioenergy Action Plan of July 2006 (CEC 
2006b).  It is important that these assignments be completed in a timely manner in order 
for this strategy to be implemented. 

2. Coordination of Federal and State fuel treatments.  The Department  will work on an 
ongoing basis with other state agencies to encourage our federal partners to maintain or 
increase the number and scale of fuel hazard reduction treatments in California.  Part of 
this effort will be seeking joint projects that provide watershed-level protection.  The 
Department will continue to seek support for the use of bond funds such as Proposition 
40 ($5 million annually through 2009) and Proposition 84 to help pay landowners’ cost of 
fuel hazard reduction treatments.   
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3. CFIP augmentation.  To implement the CFIP augmentation portion of this strategy, the 
Department  will: 

a. Initiate efforts in 2007 to obtain an adequate and stable level of funding for CFIP 
cost-share projects.   

b. By July 1, 2008 begin funding Fuels Management/Biomass projects on private land.   

c. January 1, 2009 provide a monitoring report summarizing the acres of Fuels 
Management/Biomass with a projection of carbon sequestration. 

4. New fuels management program  funding.  The Department will work to secure support 
for a new round of funding to replace the current Proposition 40 funding for watershed 
protection via fuel hazard reduction, on completion of the first round in 2009. It is 
assumed that this will also be a five-year round, 2010-2014, at similar funding levels to 
the first round and like the first round, providing funding for fuel reduction in 15 Sierra 
Nevada counties. 

5. Support for continued federal action.  The Department will work with other state 
agencies to develop an approach for state legislature consideration that would 
encourage the federal government to maintain or increase the amount of funding 
provided to National Forests in California for fuel hazard reduction treatments.  This will 
begin in 2007. 

6. Outreach. Beginning mid-2007, start an outreach to other state agencies to provide 
technical assistance for fuel hazard reduction. 

7. Programmatic Environmental Impact Report for the Department vegetation treatment 
programs. The programmatic EIR is expected to be completed in late 2007, providing 
CEQA review for the department’s entire suite of vegetation treatment programs.  This 
should significantly simplify the environmental analysis required at the project level, 
facilitating planning and implementation of individual fuel hazard reduction projects.   

In addition to these specific implementation activities, we also highlight the need to develop 
protocols for accounting for the carbon impacts of these forest-related activities.  Through 
WESTCARB, a draft fuel hazard reduction/biomass carbon accounting protocol will be 
completed by late 2007.  The formal adoption of this protocol, for example by CCAR and/or 
possibly the ARB under their AB 32 implementation activities, will enable projects to be 
registered so that private funds can be attracted to these efforts in order to obtain verified 
carbon emission reductions.  The creation of a mechanism for selling carbon emission 
reductions is an important element of promoting forest practices that reduce emissions, 
sequester carbon, and have multiple other benefits. 

7. Greenhouse Gas Emission Reductions 
As described above, this strategy reduces GHG emissions through two primary mechanisms: 

1. Through hazardous fuel treatment, the frequency and severity of wildfires will be 
reduced.  As a result, CO2 emissions will be reduced and more carbon will remain in 
forest biomass. 

2. The fuel (biomass) removed as part of the treatment can be used to produce electricity 
and liquid fuels.  This biomass-based energy can displace the use of fossil energy 
(natural gas for electricity production and petroleum-based gasoline), thereby displacing 
the GHG emissions from the use of these fossil fuels.  

 August 24, 2007 Page 12 

Attachment B   Page  209



For Public Review and Comment 

 August 24, 2007 Page 13 

The GHG emission reductions due to displacing fossil fuels in the production of electricity 
(MWh) and liquid fuels are estimated using a common set of emission factors that was adopted 
for the overall analysis of all the climate strategies.  The emission factors and GHG emission 
reduction estimates are presented separately. 

Here, we focus on the reduced GHG emissions due to reductions in the frequency and severity 
of wildfires.  A methodology for estimating the benefits of reducing wildfire emissions through 
fuel treatment is being developed under the WESTCARB partnership.  The following is a first-
order estimate based on available information. 

To estimate the benefit of reducing emissions from wildfires through fuel treatment, three factors 
were considered:  

• mean number of fire ignitions per acre of forest; 

• mean area of forest fires in acres (following an ignition); and  

• GHG emissions per acre burned.6  

Twenty years of fire data were used to make these estimates (1986 through 2005).  To account 
for geographic variability, the State was divided into the five Land Cover Mapping and 
Monitoring Program (LCMMP) regions (see 
http://www.frap.cdf.ca.gov/projects/land_cover/index.html).  Table 6 presents the estimates of 
ignitions per acre per year, mean fire area, and mean emissions per acre from fires. 

Using the figures in Table 6, we can calculate the average GHG emissions per acre per year in 
each of the five regions, and an average across the regions.  The average emissions per acre 
per year is calculated as:   

Average GHG Emissions 
Per Acre Per Year = Mean # of ignitions 

per acre per year x Mean fire area in 
acres per ignition x Mean emission per 

acre burned 

Table 7 presents the average emissions per acre per year for each region, and an average for 
the regions.  An average is also shown for the North and South Sierra regions as the 
Proposition 40 funding is only applied to those two regions. 

For the purpose of this analysis, the assumption is made that ignitions per acre per year remain 
constant as do emissions per acre.  The impact of fuels treatments is therefore assumed to be 
on the area that will burn as a result of a wildfire.  Treatments slow the progression of fires and 
restrict fires to the understory where they can be contained and extinguished.  Based on the 
Department case studies and the Department expert opinion, the assumption is made here that 
fuels treatment will reduce area of a potential fire by 50% (D. Wickizer, Department, personal 
communication).  The resulting reduction in annual emissions per acre as a result of the 
treatment is shown in Table 7 as one-half of the emissions that are expected in the absence of 
treatment. 

                                                 
6 Greenhouse gas (CO2, CH4 and N2O) emissions from forest land burned over the 20-year period for the 
five Land Cover Mapping and Monitoring Program regions were calculated using California Air Resources 
Board (ARB) methods for estimating emissions from wildfires (Battye and Battye, 2002). These methods 
use the Emission Estimation System (EES) model and table of emission factors. The EES Model overlays 
fire perimeters on a California vegetation map (Davis et al. 1998) to estimate proportions of vegetation 
types consumed by each fire. The model uses fuel load characteristics for the fuel components of each 
vegetation type, derived from the First Order Fire Effects Model (FOFEM) (Reinhardt et al, 1997).  The 
FOFEM model determines pre-burned fuel loading, fuel mass consumed, and smoke emissions 
generated per fire acre burned.  There are ten fuel components by vegetation type, and the EES model 
calculates tons of each fuel component consumed by the fire in dry conditions. 
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This approach is highly conservative because it makes the assumption that fire ignition will only 
occur in the treatment area, while in the majority of situations fires will begin outside the area 
and burn into the area.  This assumption greatly reduces the area over which potential ignitions 
are considered, lowering the area that is given the multiplier of the average fire size.  As the 
WESTCARB project proceeds, the approach will be refined, and methods will be developed that 
consider all fire ignitions and the full extent of baseline fire emissions. 

The avoided wildfire GHG emissions due to treatment can be calculated by multiplying the 
average emission reduction per acre times the number of treated acres.  The acres treated 
under Proposition 40 are located in the North and South Sierra regions.  Consequently, the 
average emission reduction for these two regions is applied to the Proposition 40 acres.  The 
emission reduction for all other treated acres is estimated using the five-region average in 
Table 7.  The resulting estimates are presented in Table 8. 

As shown in Table 8, approximately 53,000 tons of GHG emissions are avoided in 2010 and 
about 91,000 tons are avoided in 2020.  These emission reductions are entered into the 
Detailed Greenhouse Gas Emissions Impacts Table along with the bioenergy impacts of the 
strategy.  The overall emission impact of this strategy is driven primarily by the emissions 
avoided due to bioenergy production, with the avoided wildfire emissions (reported here) being 
smaller by comparison.  The avoided fossil fuel emissions are presented separately. 

The uncertainty in the mean estimates of ignitions, burned area, and emissions is approximately 
15%.  However, this uncertainty does not incorporate errors in the estimation of the emissions 
nor in the recording of fire areas.  As mentioned above, the accounting of fire damage remains 
incomplete because fire ignitions are only included from within the treatment areas.  The direct 
emission reductions, therefore, could be substantially higher than reported here.  

 

Table 6:  Mean Ignitions Per Acre Per Year, Fire Area, and Emissions Per Acre For 
Forestland in Five Regions of California 

Region 

Mean # 
ignitions per 
acre per yr +/-95% 

Mean fire 
area 

(acres) +/-95% 

Mean emission 
per acre burned

(tons CO2e) +/-95% 
North Coast 0.0000023 0.0000032 1,637 3,637 57 35 
Cascades Northeast 0.0000021 0.0000031 2,193 5,960 55 54 
North Sierras 0.0000040 0.0000047 1,496 3,464 46 31 
South Sierras 0.0000048 0.0000039 1,338 2,971 39 30 
South Coast 0.0000043 0.0000033 5,757 14,087 20 20 
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Table 7:  Average Emission Rate and Reduced Emissions Due to Treatment 

Region 

Average Annual 
Emissions Rate  

(Tons CO2e per acre) 

Reduced Annual Emissions 
Due to Treatment  

(Tons CO2e per acre) 
North Coast 0.21 0.11 
Cascades Northeast 0.25 0.13 
North Sierras 0.28 0.14 
South Sierras 0.25 0.13 
South Coast 0.50 0.25 
Average of 5 Regions 0.30 0.15 
Average of North and South Sierras 0.26 0.13 
Calculated from the data in Table 6. 
 

Table 8:  Avoided GHG Emissions from Wildfires (Tons CO2e per Year) 

Year 

State-Funded and Federal Treatment  Treatment for Bioenergy 

Total Prop 40 Prop 84 
CFIP 

Augmentation
Federal 

Activities Bio-power Bio-fuel 
2005    21,124   21,124
2006    27,992   27,992
2007 1,643   21,304   22,947
2008 1,643 1,081 620 21,304   24,648
2009 1,643 1,081 620 21,304   24,648
2010 1,643 1,081 620 21,304 24,074 4,292 53,015
2011 1,643 1,081 620 21,304 25,654 6,725 57,026
2012 1,643 1,081 620 21,304 27,233 9,157 61,038
2013 1,643 1,081 620 21,304 28,812 11,590 65,050
2014 1,643 1,081 620 21,304 30,392 14,022 69,062
2015  1,081 620 21,304 31,971 16,454 71,430
2016  1,081 620 21,304 33,550 18,887 75,442
2017  1,081 620 21,304 35,130 21,319 79,454
2018  1,081 620 21,304 36,709 23,752 83,466
2019  1,081 620 21,304 38,288 26,184 87,477
2020  1,081 620 21,304 39,868 28,616 91,489
Total 13,143 14,050 8,064 347,371 351,681 180,998 915,307

 

8. Costs and Cost Savings 
This section presents the costs and cost savings associated with this strategy.  The costs are 
estimated for the individual pieces of the strategy including: 

• performing the fuel hazard reduction treatments; 

• preparing and transporting the fuel to the bio-power or bio-fuel facility; 
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• building the bio-power and bio-fuel facilities; 

• operating the bio-power and bio-fuel facilities; 

• measuring the direct GHG emission impacts of the fuel hazard reduction treatments. 

Two types of cost savings are estimated.  First, the fuel hazard reduction treatments reduce 
wildfires and consequently reduces fire suppression costs.  Second, the bioenergy produced 
displaces fossil fuel energy, thereby saving the cost of those fossil fuels.  The value of the 
displaced fossil fuel is estimated using a consistent set of energy prices across all the 
strategies, and consequently is presented separately. 

Table 9 presents the cost and saving factors used for this strategy.  The basis for each of the 
cost factors is as follows. 

• Treatment Cost:  The treatment cost varies based on site specific conditions.  As discussed 
above, an average cost of $400 per acre is used. 

• Fuel Preparation and Transportation:  This cost covers the activities required to prepare and 
transport the fuel to the bioenergy plant.  We adopt an estimated fuel cost of $40/BDT based 
on the following. At $0.35/BDT-mile haul cost, transporting fuel up to 50 miles would cost up 
to $17.50/BDT.  The other $22.50/BDT, at 13 BDT/acre removal level, would provide an 
additional $293/acre toward treatment and chipping costs, bringing the total for mobilization, 
harvest, removal to roadside, and chipping to $693 ($293 plus $400), a figure compatible 
with regional averages (USDA Forest Service Research & Development/Western Forestry 
Leadership Coalition, 2003).  This cost estimate is at the high end of fuel prices paid over 
recent decades. 

• Capital Cost for New Fuel Treatment Capacity:  The amount of fuel treatment anticipated in 
this strategy is a significant increase from current treatment activity.  Consequently, we 
include the capital cost of expanding the fuel treatment industry.  The full set of equipment 
for an efficient fuels treatment operation generally represents at least a $1 million 
investment (S. Jolley, Wheelabrator Shasta Energy Company, personal communication).  
We assume that a fully equipped fuel treatment operation working throughout the season 
could treat approximately 15,000 acres per year. 

• Bio-Power Capital Costs:  Capital costs for new bio-power capacity range from $1,500 to 
$3,000 per kW installed (CEC 2005), or for a new 25 MW facility, $37.5 to $75 million. We 
use a midpoint capital cost of $2,250/kW. 

• Bio-Power Non-Fuel Operating Costs:  The non-fuel operating costs are estimated at $0.06 
per kWh.   

• Bio-Power Renewable Energy Subsidy:  We expect that a $0.02/kW renewable energy 
subsidy will be available to help offset the costs to bio-power producers.  This is not an 
actual cost as it is the use of public goods charge funding as a subsidy on the Market Price 
Referent.  

• Bio-fuel Capital Costs:  Capital costs for lignocellulosic ethanol or F-T liquids production 
facilities are difficult to estimate due to the relative immaturity of these technologies and lack 
of commercial-scale production facilities.  Economies of scale will be important as the 
industry develops.  We use an estimate of $200 million for a 50 million gallon per year 
facility based on IEA (2004). 

• Bio-fuel Non-fuel Operating Costs:  Similar to capital costs, the operating costs for bio-fuel 
production are difficult to estimate due to the relative immaturity of these technologies and 

 August 24, 2007 Page 16 

Attachment B   Page  213



For Public Review and Comment 

lack of commercial-scale production facilities.  We use an estimate of $1.00 per gallon of 
bio-fuel produced based on IEA (2004). 

• Carbon MMV Costs:  A critical aspect of this strategy is that it be motivated by carbon 
reduction goals.  Consequently, monitoring, measurement, and verification (MMV) of the 
GHG emission impacts of the strategy are central to its success.  The cost to qualify fuels 
management activities for carbon markets is currently unknown.  Past experience has 
suggested a MMV cost of about $1 per acre per year, varying by project type and duration 
(Brown et al. 2004, Dushku et al. 2005). Because this strategy is new and relatively 
complex, we assume a conservatively high MMV cost of $3 per acre per year. 

Applying these cost factors to the acres treated, bio-power capacity built, bio-power generated, 
bio-fuel capacity built, and bio-fuel produced results in the cost estimates presented in Table 10.  
These costs total approximately $13 billion through 2020, including all capital and operating 
costs. 

Substantial savings are realized due to reduced fire suppression costs.  These savings are 
difficult to estimate, as they tend to be anecdotal and counter-factual: how large would a fire 
have become, and how much more would it have cost to contain, without treatment?  The 
Department and others archive fire case studies and success stories of instances in which fuel 
reduction treatment is believed to have kept fires smaller, slowed fires, or brought crown fires to 
the ground where they could be controlled, thus causing substantial savings in fire suppression 
costs as well as reductions in property, natural resource and other asset losses (D. Wickizer, W. 
Mitchell, the Department, personal communication, 11/21/06). 

Sixteen such case studies were reviewed for this analysis: Goat, Esperanza, Marysville Road, 
Geysers, Peterson, Widow, Emmons, Old Gulch, Kaweah, Ranch, Winton, Caylor, Fern, Maidu, 
Guntley and Cone fires.  Suppression cost for these fires ranged from $277 to $19,178 per acre. 
Pre-fire fuel hazard reduction treatments included thinning, biomass chipping, shaded 
fuelbreaks, prescribed fire, defensible space treatments, and logging.  Estimated suppression 
cost savings attributable to fuel hazard reduction ranged from $200,000 to $5 million.  The 
benefit:cost ratio for fuel hazard reduction (estimated reduction in suppression costs divided by 
fuel treatment cost) ranged from 13:1 up to 200:1. 

We adopt a conservative suppression cost savings approach, assuming a conservative average 
suppression cost of $1,500 per acre based on case studies, and assuming as in the case of the 
GHG methodology that fuels treatment will reduce the area of a potential fire by 50% (D. 
Wickizer, Department, personal communication).  The area treated should result in at least an 
equivalent area on which suppression at $1,500/acre is avoided.  This approach is a first-order 
approximation, and additional data collection and analysis by the Department is recommended 
to improve quantification of these cost savings. 

Using the savings of $1,500 per treated acre, the savings total more than $9 billion through 
2020, offsetting the overwhelming majority of the total cost of the strategy.  The value of the 
electricity and gasoline displaced (reported separately) results in the total savings exceeding the 
total cost of the strategy. 

Additional savings not quantified here include reduced damages to land, resources/timber, or 
property.  These savings are realized by the land/property owner or their insurer.  Assets saved 
included homes, timber, watershed resources, wildlife habitat, parks, rangeland, and power 
generation facilities.  Due to the huge uncertainty range, no attempt is made in this analysis to 
include estimates of avoided asset losses due to fuel hazard reduction.  Ongoing data collection 
and analysis by the Department is recommended to improve quantification of this substantial 
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cost savings.  Some quantitative information on the value of assets at risk is provided in 
Appendix C of the California Fire Plan (California State Board of Forestry 1996). 

 

The overall costs and savings associated with this strategy are summarized in the Detailed 
Cost Table. 
 

Table 9:  Cost Factors 
Cost Element Basis of Application Cost Factor 
Treatment cost Cost per acre treated $400 
Fuel preparation and transportation cost Cost per BDT of fuel produced $40 
Capital cost for new fuel treatment capacity Cost per 15,000 acres $1,000,000 
Bio-power capital cost Cost per kW of capacity $2,250 
Bio-power non-fuel operating cost Cost per kWh $0.06 
Bio-power renewable energy subsidy Cost per kWh $0.02 
Bio-fuel capital costs Cost per 50 mln gal of capacity $200,000,000
Bio-fuel non-fuel operating cost Cost per gallon of bio-fuel $1.00 
Carbon MMV costs Cost per acre treated $3.00 

 

9. Other Benefits 
Implementation of this strategy provides additional benefits in the areas of: 

• improved water quality and reduction in the erosion/sedimentation into water bodies that 
accompanies wildfire; 

• protection of wildlife habitat and enhanced habitat diversity; 

• improved air quality through reduction in emissions of criteria pollutants; and  

• provision of jobs in California’s rural economy (forest products and biomass energy 
industries, and associated businesses serving these sectors). 

Of particular note is that wildfires are a major source of criteria pollutant emissions, including 
reactive organic compounds (ROGs), NOx, SOx, and particulate matter.  Fuel hazard reduction 
programs driven by GHG emission reduction goals, to the extent they reduce the frequency, 
size, and severity of wildfires, will have substantial co-benefits in reducing emissions of criteria 
pollutants.   

10. Summary Table 
The strategy is summarized in the Strategy Update Summary Table. 

11. References 
Battye, W.; Battye, R. 2002. Development of Emission Inventory Methods for Wildland Fire. 

Final Report to US EPA. Contract # D205-01. 
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Table 10:  Cost Estimates for the Overall Strategy (Millions of 2006 dollars) 

Year 

Fuel Treatment and Preparation for Use Bio-Power Bio-Fuel 

Carbon 
MMV 
Costs 

Total 
Capital 
Costs 

Total 
Operating 

Costs 

Treat-
ment 
Costs 

Fuel Prep 
and 

Transport 
Costs 

Capital Costs 
For New Fuel 

Treatment 
Capacity 

Bio-
Power 
Capital 
Cost 

Bio-Power 
Non-Fuel 
Operating 

Cost 

Bio-Power 
Renewable 

Energy 
Subsidy 

Bio-
Fuel 

Capital 
Costs 

Bio-Fuel 
Non-Fuel 
Operating 

Cost 
2005 $57 $74 $9.5 $520 $103 $34   $0.4 $529 $269 
2006 $75 $98 $3.1 $169 $137 $46   $0.6 $172 $356 
2007 $62 $81 $0.0 $0 $113 $38   $0.5 $0 $294 
2008 $67 $87 $0.0 $0 $121 $40   $0.5 $0 $316 
2009 $67 $87 $0.0 $0 $121 $40   $0.5 $0 $316 
2010 $143 $186 $11.3 $136 $164 $55 $112 $28 $1.1 $259 $576 
2011 $154 $200 $1.8 $61 $176 $59 $64 $44 $1.2 $127 $633 
2012 $165 $214 $1.8 $61 $188 $63 $64 $60 $1.2 $127 $690 
2013 $175 $228 $1.8 $61 $200 $67 $64 $76 $1.3 $127 $747 
2014 $186 $242 $1.8 $61 $212 $71 $64 $92 $1.4 $127 $805 
2015 $192 $249 $1.0 $16 $216 $72 $64 $108 $1.4 $81 $838 
2016 $203 $264 $1.8 $61 $228 $76 $64 $124 $1.5 $127 $895 
2017 $213 $278 $1.8 $61 $240 $80 $64 $140 $1.6 $127 $952 
2018 $224 $292 $1.8 $61 $252 $84 $64 $156 $1.7 $127 $1,009 
2019 $235 $306 $1.8 $61 $264 $88 $64 $171 $1.8 $127 $1,066 
2020 $246 $320 $1.8 $61 $277 $92 $64 $187 $1.8 $127 $1,123 
Total $2,464 $3,203 $41.0 $1,393 $3,012 $1,004 $750 $1,185 $18.5 $2,183 $10,886 
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Detailed Strategy Goals Table 
Strategy:   Fuels Management/Biomass 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  Various (see section 3) 
Implementation Approach:  State-funded and federal fuel hazard treatment; fuel hazard 
treatment to produce biomass to support bio-power and bio-fuel production 

 

Year 

Primary Metric Other Metrics1 

Acres Treated 

Biomass 
Produced 

(BDT) 

Bio-Power 
Capacity 

(MW) 

Bio-Power 
Production 

(GWh) 

Bio-Fuel 
Produced2 

(Million Gallons) 
2005 141,890 1,844,570 231 1,720 0 
2006 188,025 2,444,325 306 2,278 0 
2007 155,600 2,022,803 253 1,884 0 
2008 167,027 2,171,345 271 2,018 0 
2009 167,027 2,171,345 271 2,018 0 
2010 357,568 4,648,385 366 2,728 28 
2011 384,515 4,998,698 394 2,931 44 
2012 411,462 5,349,010 421 3,134 60 
2013 438,409 5,699,323 448 3,336 76 
2014 465,357 6,049,635 475 3,539 92 
2015 479,804 6,237,447 483 3,594 108 
2016 506,751 6,587,760 510 3,797 124 
2017 533,698 6,938,072 537 4,000 140 
2018 560,645 7,288,385 564 4,203 156 
2019 587,592 7,638,697 592 4,406 171 
2020 614,539 7,989,009 619 4,609 187 
Total 6,159,908 80,078,810   50,192 1,185 

1. MW of bio-power capacity is total new capacity over time (not the capacity added each year).  
Bio-power generation, in GWh, is annual generation.  Bio-fuel production is annual production. 
2. Bio-fuel is estimated to have approximately 67% the energy value of gasoline.  The volume of 
bio-fuel production must be multiplied by 0.67 to estimate the equivalent amount of gasoline. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Fuels Management/Biomass 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  Various (see section 3) 
Implementation Approach:  State-funded and federal fuel hazard treatment; fuel hazard 
treatment to produce biomass to support bio-power and bio-fuel production 

 

 Direct Emissions 
Impacts Energy Impacts 

Year 

Emissions Avoided 
from Wildfires 
(tons of CO2e) 

Electricity from 
Bio-Power 

(GWh) 

Displaced Gasoline 
from Bio-Fuels 

(million gallons) 
2005 21,124 1,720 0 
2006 27,992 2,278 0 
2007 22,947 1,884 0 
2008 24,648 2,018 0 
2009 24,648 2,018 0 
2010 53,015 2,728 19 
2011 57,026 2,931 30 
2012 61,038 3,134 40 
2013 65,050 3,336 51 
2014 69,062 3,539 62 
2015 71,430 3,594 72 
2016 75,442 3,797 83 
2017 79,454 4,000 94 
2018 83,466 4,203 104 
2019 87,477 4,406 115 
2020 91,489 4,609 126 
Total 915,307 50,192 794 

1. Bio-fuel is estimated to have approximately 67% the energy value of 
gasoline.  The volume of displaced gasoline is calculated to be 67% of 
the bio-fuel production. 
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Detailed Cost Table 
Strategy:   Fuels Management/Biomass 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  Various (see section 3) 
Implementation Approach:  State-funded and federal fuel hazard treatment; fuel hazard 
treatment to produce biomass to support bio-power and bio-fuel production 

 

 
Costs and Savings 

(million of 2006 dollars) Energy Savings1 

Year 
Capital 
Costs 

Operating 
Costs 

Suppression 
Cost Savings 

Electricity
(GWh) 

Gasoline 
(Mill. Gal)2 

2005 $529 $269 $213 1,720 0 
2006 $172 $356 $282 2,278 0 
2007 $0 $294 $233 1,884 0 
2008 $0 $316 $251 2,018 0 
2009 $0 $316 $251 2,018 0 
2010 $259 $576 $536 2,728 19 
2011 $127 $633 $577 2,931 30 
2012 $127 $690 $617 3,134 40 
2013 $127 $747 $658 3,336 51 
2014 $127 $805 $698 3,539 62 
2015 $81 $838 $720 3,594 72 
2016 $127 $895 $760 3,797 83 
2017 $127 $952 $801 4,000 94 
2018 $127 $1,009 $841 4,203 104 
2019 $127 $1,066 $881 4,406 115 
2020 $127 $1,123 $922 4,609 126 

1.  The value of the energy displaced is not included in this table.  A standard set of energy 
values is used across all the strategies.  The value of the energy saved or displaced is 
reported separately.  
2.  Bio-fuel is estimated to have approximately 67% the energy value of gasoline.  The 
volume of displaced gasoline is calculated to be 67% of the bio-fuel production. 
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Strategy Update Summary Table 
Strategy:   Fuels Management/Biomass 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  Various (see section 3) 
Implementation Approach:  State-funded and federal fuel hazard treatment; fuel hazard treatment to produce biomass to support 
bio-power and bio-fuel production 

Data Elements 2010 2020 

Strategy Metric Goals 
358,000 acres treated 

366 MW of Bio-Power Capacity 
28 Million Gallons of Bio-Fuel 

615,000 acres treated 
619 MW of Bio-Power Capacity 
187 Million Gallons of Bio-Fuel 

Greenhouse Gas Emissions Impacts   
MMT CO2e (emissions impact not associated with 
fossil energy combustion) 0.05 MMT CO2e 0.09 MMT CO2e 

Fossil Energy Impacts   
Production of non-fossil electricity 2,728 GWh 4,609 GWh 

Production of non-fossil transportation fossil fuel  19 million gallons of gasoline 
equivalent 

126 million gallons of gasoline 
equivalent 

Cost and Cost Savings   
Capital costs $259 million $127 million 

Annual operating costs and savings $576 million in costs 
$536 million in savings 

$1,123 million in costs 
$922 million in savings 

Electricity & fuel displaced by non-fossil production  
(in energy units) 

2,728 GWh 
19 million gallons of gasoline 

4,609 GWh 
126 million gallons of gasoline 

Other Benefits Multiple water quality, air quality, and wildlife habitat benefits.  Reduced 
costs of wildfire to property owners. 

Comments  
The development of the bioenery industry is necessary for the success of this strategy.  Facilities to produce bio-power and bio-
fuels must be built.  The demand for carbon emission reductions is expected to be an important driver in the development of the 
bioenergy industry. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy 
Urban Forestry 

2. Agency 
California Department of Forestry and Fire Protection. 
Bill Snyder, Deputy Director for Resource Management 
Russ Henly, Assistant Deputy Director for Resource Protection  
Doug Wickizer, Chief Environmental Protection and Regulation 

3. Strategy Description 
Overview 
The strategy has the goal of effectively offsetting and reducing 4.0 million metric tons of CO2 
emissions through the year 2020 by tree planting and related activities.  The Department of 
Forestry and Fire Protection (Department)  will work with private and public landowners, and 
local government in urban areas to encourage the planting of trees in strategic locations and of 
suitable species to provide maximum benefits of shade with minimal long-term care costs.  
These trees offset and reduce GHG emissions through three primary mechanisms: 

• The trees store carbon as they grow (i.e., offset emissions). 

• The trees provide shade that reduces energy use in buildings, provides for cooler  
temperatures in parked vehicles, and reduces the urban emissions from energy use. 

• Urban wood waste can be used to produce electricity or alternative transportation fuels, 
thereby displacing the use of fossil fuels. 

Trees will be planted in strategic locations around buildings, within parking lots and along 
streets to provide the benefit of reduced energy consumption.  The strategic locations are those 
that allow a minimum number of mature trees to provide for the greatest amount of shade with 
the least amount of maintenance cost.   

Affected Entities 
The affected entities for Urban Forestry include but are not limited to: 

• Private Landowners:  Residential and commercial landowners will be the primary entities 
planting trees under this strategy.  Properly placed and maintained trees have been 
demonstrated to reduce cooling requirements.   

• Public Landowners:  Approximately 20% of urban areas are under public ownership 
including owners such as Cities, Counties, and CalTrans.  Public owners can also 
reduce energy consumption in buildings by planting trees in strategic locations.  They 
can also reduce energy consumption and off-gassing through shading parking lots and 
reducing cabin temperatures.  Public owners have the additional contribution of being 
able to shade roadways and reducing the overall temperature of urban areas due to the 
Urban Heat Island Effect.   

• Regulatory Agencies: Cities and Counties have regulatory authority through Tree 
Ordinances found in Municipal Codes or Zoning Ordinances.  Many of these Tree 
Ordinances can be amended to reflect the multiple benefits urban trees provide.  The  
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Department Urban Forestry Program is working on developing a Best Management 
Practices guide that will allow communities to access the types of policies that 
encourage better urban forestry practices.  

• Non-Profits:  California has numerous non-profit organizations that are involved with 
management of urban forests.  There are 75 member groups of California ReLeaf that 
are devoted to urban forestry issues in their communities.  These groups reported over 
350,000 volunteer hours in 2005 relating to urban forest activities.  The California Urban 
Forest Council has 7 Regional Councils that bring together volunteers, City Foresters, 
Urban Planners, Utility Companies and the Tree Services Industry to work together 
towards improving Urban Forests.  The Department Urban Forestry Program helps to 
coordinate these groups to leverage their individual skills and abilities on numerous 
projects across the State.   

• Power Producers:  Power producers will develop new generation capacity to use 
available urban wood waste, thereby displacing the use of fossil fuels in electricity 
production.  A significant bio-power industry is envisioned to achieve the goals of the 
Interagency Bio-energy Working Group and California Biomass Collaborative. 

Related Objectives 
The Strategy is Motivated by Multiple Benefits:  Research in recent years has quantified the 
economic and environmental benefits of the urban forest.  Trees reduce air conditioning costs, 
slow storm water runoff, help to reduce air pollution, provide wildlife habitat, increase property 
values, and extend the life of asphalt pavement.  Trees also provide an important psychological 
link with nature for the urban dweller.   

Strategy Metrics 
The primary metric is the number of trees planted per year through 2010.  Other metrics include: 

• The cumulative number of planted trees that survive over time. 

• The portion of trees that are fast- and medium-growing hardwoods (as the mix of trees 
planted affects the overall growth rate). 

• The portion of trees planted on private land (which will primarily affect who bears the 
maintenance costs). 

In addition to these metrics, costs and benefits will be tracked, including CO2 sequestration 
verification with periodic monitoring. 

As a significant portion of the strategy involves using urban green waste to produce energy, that 
aspect of the strategy will be measured in terms of production capacity and GWh produced. 

Strategy Goals and Implementation Approaches 
The strategy has the goal of obtaining sequestration (storage) and reduction of 4.0 million metric 
tons of CO2 in new tree plantings by the year 2030.  To meet this objective approximately 
5 million urban trees would have to be strategically planted by 2010.  There is no single 
approach to accomplishing this level of planting in the urban environment.  Rather, a 
combination of related activities, with Department leadership and technical assistance, is 
needed to realize this goal. 

Funded Activities:  Several activities require funding to be executed, including the following: 

1. Urban Forestry Program.  The Department administers the Urban Forestry Program, 
which has had intermittent funding since its commencement in 1978.  Since 1998 over 
135,000 trees have been planted through direct grants from the program.   Grant funds 
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have come through Proposition based funding and an annual grant from the USDA-
Forest Service.  The Urban Forestry Program has a network of 75 non-profit groups, 7 
Regional Urban Forest Councils that bring together City Foresters with these non-profit 
groups and Planners, Developers, Engineers, and Research Scientist.  Recent 
enhancements of General Fund resources and bond fund resources for the Urban 
Forestry Program have enhanced the program’s capacity to provide to provide 
education, technical assistance, and grant funds, as well as to conduct special projects. 

2. Proposition 12 Grants:  The Department Urban Forestry will continue to implement 
Proposition 12 Grants that are solely for tree planting and 3 years of maintenance for 
those trees planted.  Grant funds will be completely exhausted in FY 2007/2008 and will 
result in the planting of 15,000 – 25,000 trees in strategic locations. 

3. Proposition 40 Funds:  The Department Urban Forestry will implement Proposition 40 
funds of $10 million dollars as the funds are released.  To date $3 million dollars have 
been released for urban forestry grants pursuant to the California Urban Forestry Act.  
Grants for FY 2007/2008 are being accepted at this time and will be for various urban 
forestry programs such as tree inventories, urban forest management plans, educational 
programs and a host of other topics.  Available grant funding for the year is $2.6 million. 
These grants will directly support urban forestry within urban communities and indirectly 
support increased tree planting.  It is expected that many of the projects will lead to an 
increased awareness of how, where and why to plant and care for urban trees to 
maximize the benefits they provide while lowering the per tree maintenance cost. 

4. Proposition 84 Funds:  Proposition 84 was approved by the voters in November 2006.  
Under Section 75065(a), the 2007/08 Budget approved Department implementation of 
10-year Urban Greening Program.  It approved ongoing program operation funding for 
the 10-year program and the first year’s grant funds of $2.8 million.  Grants applications 
are currently being accepted in areas including education, innovative projects, tree 
planting, biomass utilization  

The combined resources available from these sources are inadequate to fund the planting of 
5 million trees in urban environments.  Additional resources are required to achieve the full 
objectives of the strategy.  Cooperation with, and assistance to other organizations will help 
expand the program and leverage staff resources and expertise. 

Cooperative Activities:  The following cooperative activities will promote the program goals. 

5. LA Moran Nursery in Davis:  The Department will work to improve the type and sizes of 
trees produced to better match the needs of the urban forestry program. 

6. State Land:  The State of California has significant landholdings in urban areas including 
public buildings and road right of ways.  The Department Urban Forestry will work with 
other state agencies to encourage increased strategic planting of trees to reduce energy 
consumption around buildings and parking lots and reduce the Heat Island Effect by 
shading roadways.    

7. City of Los Angeles:  The City of Los Angeles has begun a Million Trees campaign which 
will plant one million trees within the City of Los Angeles.  The Department Urban 
Forestry will continue to provide technical support to the City and the non-profit groups 
working on this project.  The Department Urban Forestry has helped facilitate this event 
by working with our existing partners.  CAL FIRE-Urban Forestry has awarded 
$1,133,425 in grants to organizations supporting the Million Trees Los Angeles effort.  Of 
this amount, $233,425 is directly supporting MTLA activities through 4 nonprofit groups.  
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An additional $900,000 is supporting organizations that are in turn providing significant 
resources towards the MTLA effort and will be planting over 1/3rd of the trees. 

8. Non-Profit Groups:  The Department will continue to work cooperatively with non-profit 
groups to promote urban forestry.  Examples include the United Voices for Healthy 
Communities and the Sacramento Tree Foundation. 

Other Activities:  Additional activities will be undertaken to support the program goals.  Of 
particular import is to support progress in the deployment of technologies that can convert urban 
green waste into fuels or energy.  As urban green waste is a relatively consistent supply of 
materials, and there is virtually no opposition to the “harvest” of such materials, the Department 
Urban Forestry will continue to look for economically viable solutions that can keep useful fiber 
materials from being disposed of in a landfill.  Under this implementation approach, it is 
assumed that a portion of available urban wood waste from Urban Forestry (ongoing thinning 
and pruning) will be used for new bio-power generation, rather than being landfilled, to help the 
state meet its waste management and bio-power goals in the Bio-energy Action Plan (CEC 
2006b,c). 

The state could also work with the California Climate Action Registry to develop and adopt a 
protocol for the certification of GHG emission reductions from urban forestry programs.  This 
protocol would help attract needed additional investments in urban forestry projects. 

4. Technology 
The basic technologies for seedling establishment, tree planting, and maintenance are widely 
available throughout the state, and already utilized by federal, state, and local programs.  The 
benefits obtained by tree planting vary depending on species selection and location.  Fast 
growing species accumulate carbon and provide shade at a more rapid rate than slow growing 
species, though slow growing species may be favored for aesthetic, wildlife habitat, or other 
reasons.  In general, energy savings are maximized when trees are planted on the west side of 
homes, which provides the greatest amount of shading during the hottest hours of summer 
days.   

The tree mortality loss is estimated at 6% in the first year following planting.  Subsequently, a 
1% mortality loss is estimated for each year.  Table 1 shows the planting schedule and the 
number of surviving trees over time.  The bold values are the trees planted in their respective 
years.  The figures below the bold values are the number of surviving trees over time.  The total 
number of surviving trees is shown on the right. 

These values are conservative relative to Forest Service experience, which finds mortality in the 
first 5 years after planting to average 1% (equivalent to roughly 5% first-year mortality), and then 
drop to 0.5% per year.  Plantings of well selected and maintained fast-growing tree species, 
accompanied by favorable environmental conditions, public outreach, and community 
participation may reduce first-year mortality to as low as 3%.  Alternatively, if tree species are 
not well selected or maintained, planting is done by untrained volunteers, and environmental 
conditions are unfavorable, first-year mortality can be as high as 9%, with subsequent annual 
mortality of 2%.   

The technologies required to produce electricity from green waste are also well developed.  
However, additional electric power generating capacity capable of using green waste will be 
required in order to achieve the goals of this strategy. 
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Table 1:  Planting Schedule and Surviving Trees 

Year 
Year Planted Total Surviving 

Trees 2005 2006 2007 2008 2009 2010 
2005 17,854      17,854
2006 16,783 12,220     29,003
2007 16,615 11,487 1,000,000    1,028,102
2008 16,449 11,372 940,000 1,500,000   2,467,821
2009 16,284 11,258 930,600 1,410,000 2,000,000  4,368,143
2010 16,121 11,146 921,294 1,395,900 1,880,000 2,000,000 6,224,461
2011 15,960 11,034 912,081 1,381,941 1,861,200 1,880,000 6,062,216
2012 15,801 10,924 902,960 1,368,122 1,842,588 1,861,200 6,001,594
2013 15,643 10,815 893,931 1,354,440 1,824,162 1,842,588 5,941,578
2014 15,486 10,706 884,991 1,340,896 1,805,920 1,824,162 5,882,163
2015 15,331 10,599 876,141 1,327,487 1,787,861 1,805,920 5,823,341
2016 15,178 10,493 867,380 1,314,212 1,769,983 1,787,861 5,765,108
2017 15,026 10,388 858,706 1,301,070 1,752,283 1,769,983 5,707,456
2018 14,876 10,285 850,119 1,288,059 1,734,760 1,752,283 5,650,382
2019 14,727 10,182 841,618 1,275,179 1,717,412 1,734,760 5,593,878
2020 14,580 10,080 833,202 1,262,427 1,700,238 1,717,412 5,537,939

Values in bold are the trees planted in the planting year.  Values below the bold values are the 
surviving trees.  The total surviving trees column is the sum of the surviving trees in each of the 
columns. 

 

5. Statutory Status 
The following areas will or may need legislative action: 

• The California Urban Forestry Act of 1978 (Public Resources Code Section 4799.06-
4799.12) gives broad authority to the Department to implement an Urban Forestry 
Program.  The specific purpose to “Maximize the potential of tree and vegetative cover in 
reducing energy consumption and producing fuel and other products” is provided. 

• New tax credits or other incentive for those investing in urban forestry projects would 
help advance the program goals.  

• Reliable funding for an ongoing Urban Forestry Program that allows for greater 
distribution of cost share assistance would also help advance the program goals. 

6. Implementation Steps and Timeline 
Each of the implementation efforts above are addressed individually below – 

1) Department-Urban Forestry Program Augmentation: 

a) Work to augment the level of funding for the Urban Forestry Program through grants, 
bond funds, and other funding opportunties.  Increase the proportion of the USDA-Forest 
Service Grant put directly into projects. 
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b) January 1, 2009 provide the legislature and CAT a monitoring report summarizing the 
number of strategically planted urban trees with a projection of carbon sequestration and 
energy reduction. 

2) Proposition 12 tree planting grants:   

a) Applications are currently being accepted for FY 2007/2008 grants totalling $1.7 million 
These grants have a project deadline of March 2010.  

3) Proposition 40 urban forestry grants: 

a) Total Proposition 40 urban forestry funding to the Department  is $10 million and will be 
released as grants over three fiscal years through 2008/09.  

b) The Department  is currently accepting applications for FY 2007/2008 urban forestry 
grants and will be funding $2.5 million of urban forestry projects.  Projects will have a 
deadline of March 2009. 

c) Projects funded under Proposition 40 can be given priority to those projects that aim to 
promote reduced energy consumption and increased carbon sequestration.  

4) Proposition 84 urban forestry grants: 

a) Starting in the 2007/08 fiscal year,  The Department  is beginning implementation of a 
10-year Urban Greening Program that will include grants, education, and technical 
assistance, as well as Department  implemented projects.  

5) Department Nurseries to provide urban tree:  

a) Beginning in 2007 the Department-Urban Forestry Program will work with the 
Department Nursery Program to develop a species list and propagation sources for trees 
suitable for growing in urban environments. 

b) Using the existing Standards for Nursery Trees developed by the Department, trees will 
begin being grown for application in urban forestry plantings throughout the state. 

6) The Department Urban Forestry will work with other state agencies to encourage increased 
strategic planting of trees to reduce energy consumption around buildings and parking lots 
and reduce the Heat Island Effect by shading roadways.   

7) The Department will continue to work with the City of Los Angeles and the partnership that 
has been formed to plant 1 million trees within the City. 

8) The Department will continue to work with United Voices for Healthy Communities, the 
Sacramento Tree Foundation and others.  

9) Portable sawmill and wood utilization: 

a) The portable sawmill program will continue and sawmills will be placed in areas where 
large amounts of wood can be converted to useful products. 

b) The program at Palomar College that has had a portable sawmill will be requested to 
create high quality crafts that can be given as awards to people and organizations that 
promote large-scale tree planting projects.   

10) The Department will work with the Interagency Bio-energy Working Group and California 
Biomass Collaborative to promote investment in new bio-power facilities using urban wood 
waste. This will address waste management goals (divert some urban wood waste from 
landfills) and Bio-energy Action Plan goals (total 1,450 MW of new bio-power capacity by 
2020 to meet Renewable Portfolio Standard and Executive Order S-06-06 targets (CEC 
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2006b)).  It is expected that bio-power from urban wood waste may be able to contribute 
around 250 MW toward this goal. New investments are expected to begin in 2012 and 
continue through 2020. 

7. Greenhouse Gas Emission Reductions 
Expected annual greenhouse gas (GHG) emissions reductions are listed in the Detailed 
Greenhouse Gas Emissions Impacts Table (page 14) below.  These GHG emissions 
reductions account for CO2 sequestration in woody biomass from tree growth alone, minus CO2 
emissions from maintenance activities and the decomposition of trimmings and dead trees.  By 
2010, over 6.2 million trees will be planted, sequestering a relatively modest 0.03 MMt CO2 per 
year.  By 2020, over 5.5 million of these initial trees will still be alive, with a higher annual 
sequestration rate of 0.14 MMt CO2 due to 10 years of growth for the surviving trees, and by 
2030 this will increase to 5 million trees sequestering 0.25 MMt CO2 per year.  GHG emissions 
reductions from CO2 sequestration will continue well beyond 2030, but will eventually level off, 
as growth slows and is offset by senescence and mortality. 

The carbon sequestration rate of the growing trees is computed using estimated growth rates 
for the trees.  Urban trees typically sequester 20% less CO2 per year than forest trees, due to 
thinning and leaf removal, which reduces living biomass and decreases carbon accumulation in 
the soil.  This strategy uses a model created by Winrock International, in which CO2 
accumulation is based on tables published in Method for Calculating Carbon Sequestration by 
Trees in Urban and Suburban Settings by the Energy Information Agency (USDOE EIA 1998).  
These tables provide annual CO2 sequestration for hardwoods and conifers with slow, medium, 
and fast growth rates.  The model assumes a planting mix of 80% hardwoods (10% slow-
growing, 30% medium-growing, and 40% fast growing) and 20% conifers (10% medium-
growing, 10% fast-growing).  This planting mix is similar to that found in many urban settings, 
and favoring faster growing hardwoods, which will provide the most rapid CO2 sequestration and 
energy savings in most California urban settings.   

Additional GHG reductions are also expected to come from reduced electricity consumption.  
Energy savings are linked to tree growth, since taller trees with larger canopies provided more 
shade and more effective wind breaks.  The Winrock model predicts that the full implementation 
of this urban forest strategy will result in annual electricity savings of 27 GWh in 2010, 163 GWh 
in 2020, and 180 GWh in 2030.   

Finally, urban wood waste can be used to produce electricity.  According to the California 
Biomass Collaborative 2005 biomass resource assessment (CEC 2005), the total technical 
potential availability of municipal biomass is 9.7 million dry tons per year (MDT/y), of which 
9.2 MDT/y is municipal solid waste (MSW) potentially diverted from landfills. This corresponds 
to 1,071 MWe technical potential, or 8,590 dry tons per MW. Not all MSW is urban wood waste.  
A 1995 California Integrated Waste Management Board report notes that approximately 
3.3 million tons per year of waste wood are disposed in landfills statewide (CIWMB 1995), some 
of which would be tree thinnings and prunings but also construction wood (D. Wickizer, 
Department of Forestry and Fire Protection, pers comm. 12/11/06). If 2 MDT/y of the total 
represents urban wood waste that could potentially be diverted for bio-power, at 8,590 dry tons 
per MW it would be feasible to produce 237 MW. 

The proportion of technically available urban wood waste that will actually be used for new bio-
power capacity will depend on investment in new facilities sited in/near major urban centers, 
gradually increasing over time. The economics of such plants would potentially be attractive: a 
geographically concentrated fuel supply would reduce transport costs and thus the contribution 
of fuel cost to overall cost of electricity ($/kWh), and diverting this biomass from landfills would 

 August 24, 2007 Page 7 

Attachment B   Page  228



For Public Review and Comment 

 August 24, 2007 Page 8 

avoid tipping fees (a negative cost, also reducing price paid for fuel). On the other hand, new 
investments require time and coordinated state support, including siting and permitting.  

For the present analysis, assuming coordinated interagency support from the members of the 
Climate Action Team and Interagency Bio-energy Working Group, we assume it might be 
possible to divert two-thirds of the technical potential urban wood waste by 2020, or 2 MDT/y.1 
This amount of wood waste would result in 237 MW new bio-power by 2020.  This assumption 
is ambitious in relation to current levels, but small (16%) in relation to new bio-power capacity 
needed to meet state targets for 2020.  

These investments would begin in 2012 and continue incrementally to reach 237 MW by 2020, 
with about 26 MW added per year. Assuming 85% capacity factor, 237 MW in new bio-power 
capacity would produce 1,764 GWh/y by 2020 

The GHG emissions impacts are summarized in the Detailed Greenhouse Gas Emissions 
Impacts Table below.  The reductions in energy consumption and increased in bio-power 
production are presented in energy units (GWh per year).  Standardized GHG emissions 
savings factors per GWh are applied across all the strategies and are presented separately. 

8. Costs and Cost Savings 
The initial capital cost associated with this urban forestry strategy is cost of tree planting, 
including acquisition of appropriately sized trees, site preparation, planting and staking.  Total 
planting cost in California can vary between $45 and $160 per tree.  The Winrock model 
assumes a planting cost of $100 per tree, which is similar to the $96 per tree average achieved 
by the Department for urban forestry projects in 2005 and 2006. 

Once trees are established, maintenance costs are initially minimal, but begin to accrue after 
roughly 10 years, as trees need to be pruned and hardscape needs to be repaired from root 
damage.  Additional maintenance costs include inspection, administration, legal claims, disease 
control, removals, and storm litter clean-up.  Maintenance costs are typically higher for trees 
planted in public spaces, since they require more frequent pruning to avoid interference with 
power and telecommunications lines, and are also generally adjacent to streets and sidewalks.  
From the findings of the Forest Service’s Center for Urban Forest Research, annual 
maintenance costs in CA averaged $19 per tree for public land, and $14 per tree for private 
landowners.  The Winrock model uses these values and assumes that 50% of program tree 
plantings will take place on public lands, with the remainder sponsored by private landowners.  

The final cost associated with the program is measuring and monitoring to measure GHG 
impacts and obtain real-world verification of cost and benefit estimations.  Measuring and 
monitoring will be minimal relative to planting and maintenance, since only a small portion of the 
total population will need to be evaluated to statistically verify carbon, costs, and benefits.  The 
Winrock model assumes that 5% of the surviving tree population is sampled every 5 years, with 
a cost of $2.19 per tree, comparable to current per tree inspection costs for urban tree plantings 
in California. 

Annual urban forestry strategy costs are reported in the Detailed Cost Table, below, with initial 
tree planting reported as Capital Costs and maintenance, monitoring and measuring reported as 
Operating Costs. 

Urban tree plantings also yield significant cost savings, particularly when trees are planted to 
maximize reductions in energy use.  As already mentioned, the model predicts an annual 
                                                 
1  This rate is computed as:  9.2 MDT/y total MSW diversion potential * 33% urban wood waste within 
MSW * 67% developed for bio-power = 2 MDT/y. 
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electricity savings of 27 GWh in 2010, 163 GWh in 2020, and 180 GWh in 2030.  Standardized 
electricity prices are used to value these energy savings, and are reported separately. 

Less apparent, but often even more significant, is the ability of trees to remove pollutants from 
the atmosphere as it is absorbed through leaves or adheres to trunk, leaf, and limb surfaces.  
Pollution removal rates are proportional to size and surface area, and are therefore also linked 
to growth and carbon accumulation.  Pollutants removed include ozone (O3), nitrogen dioxide 
(NO2), small particulates (PM10), and volatile organic compounds (VOC’s).  Actual pollution 
removal will depend on local pollution concentrations as well as growth and surface area, and 
the value for the removal of each individual pollutant will vary based on market prices and the 
need for pollution abatement.  The Winrock model assumes a flat rate of pollution removal 
linked to carbon uptake, 0.03 tons of pollution for each ton of CO2.  These values are based on 
research conducted and published by the Forest Service on urban tree pollution removal in 
Berkeley, Claremont, Modesto, and Santa Monica CA. 

Another cost savings associated with urban trees is attributable to interception of rainfall on tree 
surfaces, which reduces stormwater runoff and flood potential during rain events.  Like pollution 
removal, rainfall interception is also linked to tree size and surface area.  The Forest Service 
has calculated rainfall interception quantities and dollar values for the San Joaquin Valley, the 
Inland Empire, and Coastal California, based on meteorological data and modeling.  The 
Winrock model uses conservative averages from these values linked to CO2 sequestration, 4.73 
gallons of rainfall per year for every pound of CO2, at $0.0002 value per gallon of rainwater 
interception.  While rainfall interception values are typically small relative to energy and pollution 
removal savings, they may be significant in Coast Range communities subject to frequent winter 
flooding. 

Finally, there are other benefits from urban trees that can be quantified as cost savings in a less 
direct fashion.  One is increased property value, measured as the increase in sale price of 
analogous properties with and without established trees.  Trees also provide wildlife habitat, 
offer recreation opportunities, provide scenic beauty, and generally enhance human health and 
well-being, which can help explain property value increases when combined with the cost 
savings already mentioned above.  The Forest Service’s Center for Urban Forestry has 
attempted to account for all these values in several regions of California, which range from $132 
to nearly $4,000 per metric ton CO2.  The Winrock model used in this strategy takes a 
conservative average of $199 per metric ton CO2 from Forest Service research to estimate 
annual cost savings from other benefits, with these benefits again linked to tree growth through 
carbon accumulation. 

Work by the Forest Service, the Department, and other institutions have consistently 
demonstrated that the cost savings associated with urban forestry will exceed program costs 
once trees are given time to mature and accumulate benefits.  The results of the Winrock model 
support this conclusion.  After the initial capital cost of planting is fully invested by 2010, cost 
savings will be consistently higher than operating costs.  The Winrock model predicts that 
irrespective of energy and CO2 reductions, that cumulative project costs (Capital Costs + 
Operating Costs) will have a payback period of 19 years (from 2005), with the strategy 
becoming net economically positive in 2023.  When energy savings and CO2 reductions are 
factored in, this investment and operating payback period reduces to 16 years, with 2020 
posting a net economic return of $25 million and greater returns for all years thereafter. 

As mentioned, all costs and benefits are linked to the timing and quantities of tree planting, 
highlighting the importance of the primary metric, number of trees planted, and the second 
metric, cumulative number of trees (plantings – deaths).  All benefits are linked to CO2 
sequestration as a proxy for growth, which in turn depends on when trees were first put in the 

 August 24, 2007 Page 9 

Attachment B   Page  230



For Public Review and Comment 

ground.  Growth will also be affected by species composition, which is tracked by the third 
metric, the percentage of fast- and medium-growing hardwoods planted relative to total 
plantings.  Maintenance costs are also linked to the timing of planting, since they also are not 
assumed to be significant until 10 years after planting, and are additionally linked to the fourth 
metric, the percentage of trees planted on private lands.   

There are many sources of uncertainty in the model approach, which will only be fully eliminated 
through implementation and monitoring.  Initial planting costs should not deviate by more than 
±20% from the model’s $100 per tree assumption, although a wider range has been reported.  
The variation in maintenance cost should not exceed ±15%, linked primarily to the percentage 
of trees planted on private land (Metric 4), but wider variation has also been reported. 

There is much higher potential for variation in cost savings in the model, due to dependence on 
many more factors.  As with carbon, value of cost savings will be highly dependent on growth, 
which will vary depending on location, species composition, survivorship, etc.  Location will also 
dictate real savings from flood avoidance, summer shadings, and pollution removal, due to both 
variations in environmental conditions and market prices.  When all factors are adjusted 
according to reported optimistic and pessimistic scenarios, total variation in cost savings 
averages between +105% and -50% annually.   

The costs for the bio-power portion of the strategy are shown in a separate Detailed Cost 
Table.  Capital costs for new biopower range from $1,500 to $3,000 per kWe, and levelized 
operating costs range from $0.06-0.08 per kWh (CEC 2005).  This estimate includes an 
optimistic base fuel cost of $20/BDT; each additional $1/BDT fuel cost results in approximately 
$0.001/kWh increase in levelized cost. These figures also assume 20% net efficiency and 85% 
capacity factor. Federal and state tax credits and incentive payments are available for biomass, 
but have been inconsistently funded and tended to discriminate against biomass relative to 
other renewables despite greater economic and environmental co-benefits from biomass (CEC 
2005, 2006b, c).  

For bio-power plants using urban wood waste, fuel costs could be relatively low compared to 
other bio-power facilities, due to reduced transport costs (a geographically concentrated and 
relatively constant or growing supply) and avoided landfill tipping fees (a negative cost). We 
therefore assume the $0.08/kWh levelized cost based on $20/BDT fuel cost to be appropriate if 
not conservative. Also assuming conservatively high capital costs of $3,000 per kWe, the capital 
and operating costs of new bio-power production from urban wood waste are summarized in the 
second Detailed Cost Table below. Note that capital costs at $3,000/kWe installed are shown 
for new capacity installed each year, whereas operating costs at $0.08/kWh are shown for 
cumulative capacity installed (assuming 85% capacity factor). 

9. Other Benefits 
The Winrock model has attempted to monetize all costs and benefits directly associated with 
this urban forestry strategy, based on the best available research.  Related benefits from 
reductions in pollution emissions from reduced energy use, including NOx, ROGs, and 
particulate matter are computed using standardized emissions factors across all the strategies 
and are reported separately.  There is also evidence that urban trees decrease cement 
deterioration through shading, which may partially help to offset hardscape resurfacing costs, 
but this is not modeled.  When vehicles are parked in the shade vehicle temperature is lowered, 
decreasing fuel and chemical off-gassing emissions, though a valuation of reduced off-gassing 
is also not included in the Winrock model. 

 August 24, 2007 Page 10 

Attachment B   Page  231



For Public Review and Comment 

10. Summary Table 
See the Strategy Update Summary Table, below.   
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Detailed Strategy Goals Table 
Strategy:   Urban Forestry 
Agency:   California Department of Forestry of Forestry and Fire Protection 
 

Year 

Strategy Goals as Defined by the Strategy Metrics 

Primary Metric:  
Number of Trees 

Planted 

Other Metrics 
Cumulative 
Number of 

Surviving Trees 
(Plantings – 

Deaths) 

% Fast- or 
Medium-Growing 

Hardwoods 
% Planted on 
Private Land 

2005 17,854 17,854 70 50 

2006 12,220 29,003 70 50 

2007 1,000,000 1,028,102 70 50 

2008 1,500,000 2,467,821 70 50 

2009 2,000,000 4,368,143 70 50 

2010 2,000,000 6,224,461 70 50 
2011 - 6,062,216 - - 

2012 - 6,001,594 - - 

2013 - 5,941,578 - - 

2014 - 5,882,163 - - 

2015 - 5,823,341 - - 

2016 - 5,765,108 - - 

2017 - 5,707,456 - - 

2018 - 5,650,382 - - 

2019 - 5,593,878 - - 

2020 - 5,537,939 - - 

2030 - 5,008,413 - - 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Urban Forestry 
Agency:   California Department of Forestry and Fire Protection  

Year 

Greenhouse Gas Emission Reductions 

CO2 Sequestered 
(million metric 
tons per year) 

Energy Impacts 

GWh/yr Electricity 
Savings from Shading 

GWh/yr electricity 
production from new 

bio-power 
2005 0.0001 -  

2006 0.0001 0.2  

2007 0.0034 3  

2008 0.0095 7  

2009 0.0191 15  

2010 0.0316 27  
2011 0.0406 36  

2012 0.0502 46 196 

2013 0.0603 58 392 

2014 0.0706 71 588 

2015 0.0812 86 784 

2016 0.0922 99 980 

2017 0.1032 114 1,176 

2018 0.1143 130 1,372 

2019 0.1255 146 1,568 

2020 0.1367 163 1,764 
2030 0.2501 180  

Uncertainty4 ±10% ±10%  
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Detailed Cost Table:  Tree Planting 
Strategy:   Urban Forestry 
Agency:   California Department of Forestry and Fire Protection 
Lifetime:  Average urban tree lifespan is ~50 years, but many will live much longer 
This table shows costs for tree planting.  The value of the electricity saved is computed 
separately using the amount of electricity saved and the projected price of electricity.  A 
consistent set of prices for electricity is applied across all the strategies and reported separately. 

 

Year 

Tree Planting Costs 
(millions) Cost Savings

(millions) 
GWh/yr Electricity 

Savings from Shading Capital Costs Maintenance Costs 
2005 1.8 0 0.0 - 

2006 1.2 0 0.1 0.2 

2007 100 0 2.7 3 

2008 150 0 7.4 7 

2009 200 0 15.0 15 

2010 200 0.7 24.8 27 

2011 0 0 32.0 36 

2012 0 0 39.7 46 

2013 0 0 47.8 58 

2014 0 0 56.3 71 

2015 0 0.9 65.0 86 

2016 0 0 73.9 99 

2017 0 15 82.9 114 

2018 0 36 92.1 130 

2019 0 64 101.3 146 

2020 0 92 110.6 163 
2030 0 83 206 180 

Uncertain
ty5 ±20% ±15% +105% to     -

50% ±10% 
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Detailed Cost Table:  Bio-Power 
Strategy:   Urban Forestry 
Agency:   California Department of Forestry and Fire Protection 
This table shows costs for bio-power production.  The value of the electricity produced is 
computed separately using the amount of electricity produced and the projected price of 
electricity.  A consistent set of prices for electricity is applied across all the strategies and 
reported separately. 

 

Year 

Bio-power Costs 
(millions) GWh/yr Electricity 

Produced Capital Costs Operating Costs 
2005    

2006    

2007    

2008    

2009    

2010    

2011    

2012 $78 million $15 million 196 

2013 $78 million $31 million 392 

2014 $78 million $47 million 588 

2015 $78 million $63 million 784 

2016 $78 million $78 million 980 

2017 $78 million $94 million 1,176 

2018 $78 million $110 million 1,372 

2019 $78 million $125 million 1,568 

2020 $78 million $141 million 1,764 
Uncertainty5 ±20% ±15% ±10% 

 

Capital costs computed at $3,000/kWe installed are shown for new capacity installed each year.  
Operating costs at $0.08/kWh are shown for cumulative capacity installed (assuming 85% 
capacity factor). 

 

.
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Strategy Update Summary Table:  Tree Planting 
Strategy:   Urban Forestry 
Agency:   California Department of Forestry and Fire Protection 
Tree Planting Summary 

Data Elements 2010 2020 
Full Implementation Year 

(2030) 
Strategy Metric Goals 2 million trees planted in 

2010, bringing cumulative 
surviving trees over 6.2 

million; at least 70% fast- 
or medium-growing 

hardwoods; 50% planted 
on private land 

over 5.5 million surviving 
trees; at least 70% fast- or 

medium-growing 
hardwoods; 50% planted 

on private land 

over 5 million surviving 
trees; at least 70% fast- or 

medium-growing 
hardwoods; 50% planted 

on private land 

Greenhouse Gas Emissions Impacts 
MMT CO2e Sequestered 0.03 in 2010,  

0.06 cumulative 
0.13 in 2020, 

0.94 cumulative 
0.25 in 2030, 

2.93 cumulative 
Fossil Energy Impacts (in energy units)    

Change in electricity consumption (GWh/yr) 27 [mostly daytime 
summer] 

163 [mostly daytime 
summer] 

180 [mostly daytime 
summer] 

Cost and Cost Savings 
Capital costs and lifetime $200 million in 2010, $653 

million total; avg tree 
lifespan of 50yrs 

- - 

Annual operating costs and savings $0.7 million cost 
$24 million in savings 

Value of electricity savings 
reported separately 

$92 million cost 
$110 million in savings 

Value of electricity savings 
reported separately 

$83 million cost 
$206 million in savings 

Value of electricity savings 
reported separately 

Electricity & fuel consumption impacts (in GWh/yr) 27 163 180 
Uncertainty   

Capital costs may vary ±20%; operating costs may vary ±15%; cost savings may vary +105% to -50%; both CO2 and energy savings may vary 
±10%; additional variability could be introduced if trees are not sited to maximize energy savings, or unsuitable species are selected. 
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Strategy Update Summary Table:  Bio-Power 
Strategy:   Urban Forestry 
Agency:   California Department of Forestry and Fire Protection 
Bio-Power Summary 

Data Elements 2010 2020 
Full Implementation Year 

(2030) 
Strategy Metric Goals  237 MW new biopower 

installed 
 

Greenhouse Gas Emissions Impacts 
MMT CO2e   --  
Fossil Energy Impacts (in energy units)    

Change in electricity consumption (GWh) [by season 
and time of day if possible] 

   

Substitution of non-fossil electricity production 
(GWh)  

 1,764 GWh/y  

Change in transportation fossil fuel consumption (by 
fuel type) 

   

Change in stationary fossil fuel consumption (by fuel 
type) 

   

Cost and Cost Savings 
Capital costs   $78 million  
Annual operating costs and savings  $141 million 

Value of electricity 
production reported 

separately 

 

Electricity & fuel consumption impacts (in energy units)  1,764 GWh/y (baseload)  
Uncertainty  Each of the estimates in this summary table may be uncertain due to data limitations or other factors.  If necessary report ranges and 
a best estimate.  If ranges are not available, report the approximate uncertainty of the estimates as plus and minus some percentage (e.g., ±25%). 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy 
Afforestation / Reforestation (AR) (Planting Trees) 

2. Agency 

California Department of Forestry and Fire Protection. 
 
Lead Staff – 
 

Bill Snyder, Deputy Director for Resource Management. 
Russ Henly, Assistant Deputy Director for Resource Protection 
Doug Wickizer, Chief Environmental Protection and Regulation 

 
3. Strategy Description 

Overview 
The strategy has the goal of cumulatively offsetting CO2 emissions by planting trees on areas 
suitable for the selected species’ establishment and growth. CAL FIRE estimated that 7.1 million 
acres are available for reforestation on all ownerships (California Forest Improvement Program 
EIR, 1979).    Of these, 3.1 million acres were in ownerships of less than 5,000 acres, while  4 
million acres were in ownerships greater than 5,000 acres (letter from Bruce Bayless, California 
Forest Protective Association, 1979).  
 
For purposes of this document, reforestation means the establishment and subsequent 
maintenance of native tree cover on lands that were previously forested, but have had less than 
10% tree canopy cover for a minimum time of ten years.  Afforestation is defined as (“Dictionary 
of Forestry”, Holmes, 1998) the establishment of a forest or stand in an area where the 
preceding vegetation or land was not forest.  CAL FIRE will work with private and public 
landowners to encourage the planting of trees. 

Trees will offset GHG emissions by sequestering carbon from non-discriminate sources 
(transportation, utilities, industrial, etc.).   Trees utilize carbon dioxide in photosynthesis and 
store a portion of the carbon in the production of wood fiber.  The tree bole, limbs, and roots are 
composed of approximately ½ carbon by dry weight.  As the trees grow they will store additional 
carbon according to the rate of growth and size of tree.  Additional carbon will be stored in the 
soil because the inputs of dead leaves and roots, for example, are higher than the losses from 
decomposition of this material.   
 

Affected Entities 
The affected entities for reforestation/ afforestation include but are not limited to: 

• Private Landowners:  Industrial and non-industrial landowners within California have title 
over land that has previously grown trees or is capable of growing trees, but that same land 
is now occupied by brush, herbs, grass or other vegetative land covers.  This occurs for a 
variety of reasons including 1) trees are not compatible with desired land use, 2) natural 
occurrences such as wildfire have changed the vegetative cover, 3) human activities such 
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as mine smelter operations have killed the tree cover, 4) changes in the micro-climate such 
that natural re-establishment of trees did not occur.  Often these landowners are aware of 
this opportunity but under current conditions it is not economically feasible to reclaim these 
previously tree covered lands.   

• Public Landowners: Approximately 65% of the rangelands (about 15 million acres) in 
California are under public ownership including owners such as the United States Forest 
Service, National Park Service, Bureau of Land Management, Bureau of Indian Affairs, 
Bureau of Reclamation, Department of Parks and Recreation, State Lands Commission, Cal 
Trans, Department of Water Resources, Department of Fish and Game, and CAL FIRE.  
Public investment in tree planting on these lands will depend on agency missions and other 
environmental services such as biodiversity, quality water, wildlife habitat, biomass, and 
recreational opportunities.    

• Regulatory Agencies: California has a high level of regulation on private and public forest 
and range lands.  Primary areas of regulation are water quality, air quality, land use, timber 
harvest and other types of vegetation management.  Afforestation and reforestation efforts 
will require consultation among these authorities to assure that the most carbon storage 
possible is obtained while still achieving a balance with the other regulatory constraints.     
AR activities may be subject to local land-use regulations (use permits), State Water 
Resources Control Boards (Waste Discharge Requirements) and Department of Fish and 
Game (Streambed Alterations and T&E species).  Timber harvesting regulations 
administered by CAL FIRE require post-harvest restocking, however they do not require 
replanting of burned areas, and stands impacted by disease and insects.  CAL FIRE 
programs supporting voluntary reforestation are covered by a programmatic EIR. 

• Non-Profits:  California has a rich population of non-profit organizations that are interested 
or involved with land use and natural resource management.  Examples of these 
organizations are The Nature Conservancy, Conservation Fund, Pacific Forest Trust, Sierra 
Club, and natural resource and planning professional organizations.   

• Local Government: Some of California’s urban areas contain large open areas that would be 
suitable for AR efforts.  An example would be portions of the San Francisco watershed 
south of the main city near Crystal Springs Reservoir.  Another example would be lands 
owned by East Bay Municipal Utility District in the East Bay hills.  

Related Objectives 
The Strategy is Motivated by Multiple Benefits:  Afforestation and Reforestation provide benefits 
of improved water quality, wildlife habitat diversity, improved air quality, energy opportunities, 
and provision of jobs.  Many areas which are being considered for afforestation or reforestation 
were deforested as the result of frequent wildfire activity which prevented natural regeneration 
and resulted in conversion to brush or annual grass.   These vegetation types, in turn, increase 
the risk of high intensity wildfires.   The wildfires are often followed by erosion which impacts 
water quality and storage capacity, soil productivity, and fisheries habitat.  Reforesting these 
areas with proper follow-up vegetative treatment reduces the risk of these large damaging fires, 
since fires in managed stands of timber tend to burn along the ground at low intensities.  
Reforestation will also benefit native wildlife species.  

Strategy Metrics 
The primary metric for afforestation/reforestation is acreage of trees planted.  In addition, costs 
and benefits are estimated, including CO2 sequestration.  CO2 sequestration is calculated using 
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methodology from the California Energy Commission report, “Methods for Measuring and 
Monitoring Carbon Projects in California, Winrock International, 2004”a.  

Strategy Goals and Implementation Approaches   
The following implementation options will require a substantial public and private investment.  
Funding for tree planting will be provided through either cost share programs or market 
opportunities for the landowners and possibly public agencies.  For example, PG&E has just 
had a pilot voluntary tariff project approved by the California Public Utilities Commission that has 
the potential of paying landowners $9.71 per ton of CO2 sequestered in trees.   

Major Initiatives Analyzed 
 
1. CAL FIRE administers the California Forest Improvement Program (CFIP).  The program 

has had intermittent funding since its commencement in 1981.  Since the beginning of the 
program nearly 52,000 acres have had reforestation treatments.  This could be significantly 
increased with a stable funding source.  CAL FIRE will seek funding to establish an annual 
grant program of $5 million.  This will not meet the full carbon objective but should result in 
over 70,000 acres being planted in the next ten years.  To expand reforestation as proposed 
for this initiative, additional seed and seedling supplies may be need to be developed.  This 
would require a gradual increase in acres to the desired annual target as programs and 
nurseries ramp up to meet supply.   

 
2. CAL FIRE will request an opportunity to participate in the Governor’s Market Solutions 

Committee with the objective of developing a market for GHG offsets including forest carbon 
sequestration as qualifying offsets.  Such a market will encourage land owners to reforest 
areas currently occupied with brush and other vegetative communities and to implement 
other conservation forest management practices. 

 
3. The State of California has significant landholdings, including lands that are capable of 

growing native tree species but are currently occupied by other vegetative cover.  CAL FIRE 
will work with the state agencies to identify lands capable of having terrestrial carbon 
sequestration increased and to implement both afforestation and reforestation projects. 

 
Other Initiatives 
 
o CAL FIRE will work with the California Department of Food and Agriculture (CDFA), as 

mandated by the California Bioenergy Action Plan, to demonstrate the use of trees for 
salt remediation plantings, windbreaks, and bioenergy crop plantations for biomass 
energy production.   

o Additional nursery production capacity and investment may be needed to provide 
adequate supplies of seed and seedling. This includes a supply of more diverse genetic 
materials to allow for adaptation to changing forest conditions that result from climate 
change.  Initially CAL FIRE will need to increase cone collection and seed storage 
efforts.  The growing of planting stock for reforestation projects will need to involve both 
public and private forest tree nurseries.   

 
o In addition to the actions described above, CAL FIRE will provide technical assistance to 

other entities to promote planting.  PG&E has recently been approved to proceed with a 
pilot voluntary tariff that would use ratepayer contributions (via monthly bill increases) to 
fund forestry projects that would increase carbon sequestration.  CAL FIRE will work 
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with them to monitor the success of this program and encourage the other main utilities 
within California to develop similar programs.  CAL FIRE will also work with the UC 
Integrated Harwood Range Management Program to promote opportunities for the 
afforestation and reforestation of hardwood range lands. 

 
o Separate from State efforts, the forest industry in California has a practice of reforesting 

areas that have been damaged by fire or pest infestations.  They also will reclaim 
historical brush fields where the site productivity is high and the economics justify the 
investment in reforestation efforts.  These voluntary activities on private lands that 
contribute to GHG reductions can be maintained and enhanced with favorable tax 
policies and other types of incentives.  

o Income Tax Credits for landowners (industrial and non-industrial) to plant and retain 
trees.  The amount of credit would vary by types of ownerships and the extent of 
maintenance and reporting requirements agreed to by the landowner.  Credits would be 
limited to value invested by the landowner. This will require CAT sponsorship and 
leadership if it is to be accomplished.  CAL FIRE will  begin development of a legislative 
proposal for this effort.  CAL FIRE also recognizes that the ultimate legislation may be 
larger than just tax credits for forestry projects. 

 
o The USFS has identified a backlog of areas that could be reforested with augmented 

budgets.  If additional funding were provided, they could plant at least 8,000 additional 
acres each year, starting immediately (B. Goines, USFS, personal communication).  The 
State will continue to work closely with the USFS to identify and support federal GHG 
reductions through forestry activities.   

4. Technology 
The afforestation/reforestation strategy will be implemented by planting trees on suitable lands, 
including areas that support conifer and hardwood forests, oak woodlands, and riparian 
hardwoods.  Species selection will depend on habitat type and on site conditions, including 
changing micro-site conditions from climate change, to the extent that we are able to predict 
them.  Genetic improvement of nursery materials will be needed to ensure that reforestation 
activities can address the need for adaptation.   

 Improved weather and atmospheric models, combined with site-specific tree growth models 
and GIS analysis will improve our selection of sites where reforestation will be biologically 
successful and also allow us to evaluate cost-effectiveness, i.e. where the least to most 
expensive carbon credits would likely be found.  This will provide realistic estimates of the 
potential supply of carbon available as a result of afforestation activities. 

5. Statutory Status 
The following areas will or may need legislative action: 

• The California Forest Improvement Program is authorized in Public Resources Code 4790 
through 4799.04 and authorizes CAL FIRE to provide technical and other assistance (cost 
share funding) to private landowners with ownerships 5,000 acres and under.  These lands 
must have a 10% tree canopy cover or be capable of supporting such a tree cover.  Some 
amendments of this set of statutes may be needed to allow use of state funds on larger 
private land ownerships and for reforestation of other public lands.  If further discussion 
reveals a need and agreement to provide state agencies funding for AR projects, CFIP may 
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be an appropriate program to  facilitate project implementation if modified to include public 
land eligibility.   

• The Climate Action Team will need to work with the CAL FIRE to develop the appropriate 
legislative proposal to provide tax credits for those investing in afforestation or reforestation 
projects.  

• Administrative, budgetary, and legislative support will be necessary to establish reliable 
funding for cost share assistance in afforestation and reforestation efforts. 

6. Implementation Steps and Timeline 
Implementation of only the three major initiatives is described here. 

1. CFIP Augmentation: 
a. Initiate legislative action in 2007 to obtain stable level of funding for a ten year 

program of cost-share projects.  This effort would include the statutory modifications 
identified under the previous “Statutory Status” section.  The assumption is that 
sufficient support will be developed for this effort to be a success. 

b. By July 1, 2008 begin funding AR projects on private land.  This would include public 
lands if the option to fund public projects is included. 

c. January 1, 2009 provide the legislature and CAT a monitoring report summarizing 
the acres of reforestation with a projection of carbon sequestration. 

 
2. Governor’s Market Solution Committee:  This effort assumes that the outcome of this 

committee effort will be the establishment of a cap and trade program that permits the use of 
forest carbon sequestration offsets. 

a. Begin to cooperatively work immediately with Cal EPA and the Air Resources Board 
(ARB) to identify an effective member to participate in the Governor’s Market 
Solutions committee when it convenes on June 30, 2007. 

b. Assuming that a carbon offset market will be established it will need to be functional 
by the date the caps are mandated to begin in 2011.  It should be noted here that the 
more quickly some certainty can be provided to persons who wish to invest in a 
carbon offset market; the more quickly landowners will begin AR projects.  

 
3. Afforestation/Reforestation of State Land Holdings: 

a. CAL FIRE will begin identification of lands owned by the state that are suitable for 
afforestation or reforestation in July 2007. 

b. Beginning July 2007 CAL FIRE will contact other departments and agencies to 
identify suitable lands and opportunities for tree planting.  A report identifying the list 
of parcels selected for reforestation/afforestation will be provided to CAT and the 
ARB as well as the legislature upon request. This will be an ongoing effort.  

c. As an ongoing effort  CAL FIRE will provide the technical assistance needed by 
those agencies to develop AR plans for the selected parcels.  

d. Spring and summer of 2008 site preparation for AR will begin.  This will continue in 
subsequent years until all selected parcels are prepared for reforestation. 

e. Fall of 2008 planting of those parcels where site preparation has been completed will 
begin. 

f. June 2009 and subsequent years CAL FIRE and cooperating agencies will provide a 
report to CAT on AR acres completed with a projection for the next year’s 
accomplishments. 
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Implementation of the steps described above would result in the following cumulative reforested 
and afforested acreage. 

Table 1.  Cumulative acres planted under the three main reforestation and afforestation 
approaches 

Year Acres Planted  
  CFIP Augmentation GHG Offset Market State Lands 

2005 0 0 0 
2006 0 0 0 
2007 0 0 0 
2008 7,000 25,342 4,658 
2009 14,000 50,684 9,316 
2010 21,000 76,026 13,974 
2011 28,000 101,368 18,632 
2012 35,000 126,710 23,290 
2013 42,000 152,052 27,948 
2014 49,000 177,394 32,606 
2015 56,000 202,736 37,264 
2016 63,000 228,078 41,922 
2017 70,000 253,420 46,580 
2018 70,000 278,762 51,238 
2019 70,000 304,104 55,896 
2020 70,000 304,104 55,896 

 

7. Greenhouse Gas Emission Reductions 
Greenhouse Gas Emission Impact 

GHG emission impacts were quantified for the three initiatives or approaches described above.   
Acreage targets were developed based on an original goal of cumulatively sequestering at least 
12.5 MMT CO2 by 2020 (2.5 MMT from CFIP, 9.25 MMT from the GHG Market and 0.72 MMt 
CO2 from State-owned lands).  This was also consistent with the CAT State Agency Workplans 
from the 2006 CAT Report on Climate Change.  Taken together, these three implementation 
approaches have the potential to sequester an annual amount of approximately 1.98 MMT in 
2020.  The acres planted will have cumulatively sequestered over 15 MMt CO2 by that time.  

 

Methodology 

The emission impact of AR activities is driven by the acres of forest planted and the carbon 
stored per acre. Because these activities are executed on a project basis rather than on a per-
year basis, carbon benefits and costs should ideally be calculated and considered for fixed 
project periods rather than on an annual basis.  As summarized in the Winrock International 
carbon supply report (Brown et al. 2004a), the general steps needed for estimating the carbon 
supply and costs for a potential change in land use due to AR activities are: 

a. Identify land use classes in which a change in land management could lead to a 
significant increase in carbon stocks 

b. Estimate the area for each potential land use change 
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c. Estimate the quantities of carbon per unit area that could be sequestered as a result of 
the change in land use over a given time period, relative to a baseline carbon value 

d. Estimate the total costs (opportunity costs associated with ranching cattle, site 
preparation and planting, maintenance, and measurement and monitoring) 

e. Combine estimated quantities of carbon per unit area with the corresponding area and 
cost to produce estimates of the total quantity of carbon that can be sequestered for a 
given range of costs. 

Cross-cutting Assumptions  

o Carbon calculations are based on a project life of 20 years, which is considered the minimum 
period needed for a tree planting project to accumulate measurable carbon.  Most forestry 
plantings in California are intended to grow for at least twice that amount of time.  For 
example, the CA Forest Practice rules require that trees planted for even age management 
be retained at least 50 to 80 years, depending on site capability (CCR Title 14, Section 
1913.1(a)1). 

o The annual results presented here reflect the average yearly sequestration over the 20 year 
time period.  This implies a linear accumulation of biomass when, in fact,  individual trees 
put on increasing amounts of volume each year for decades, as the site gradually reaches  
its peak for biomass production.  The annual amount of carbon sequestered per acre will 
actually increase over time.  The carbon sequestration results reported in the table 1 
overestimate the carbon sequestered early in the project and underestimates the actual 
amount of CO2 that these trees will remove from the atmosphere at 2020.   

o The sequestration rates are based on the capacity of lands that would be reforested under 
these strategies.  We assume that CFIP and GHG Market projects will occur on forest and 
woodlands with potential for greater biomass production, while State lands include more  
range land vegetation types, and will produce less tree biomass. 

 

1. CFIP Augmentation 

Assumptions and carbon calculations: 

a. The target acreage is driven by the funding, i.e. the acreage is derived from the 
requested funding level.   This strategy is based on a funding level of $5 million per year 
of which $3.5 million will be directed to tree planting.   At an average cost of $500 per 
acre to the State, $3.5 million will plant 7,000 acres annually.  A total of 70,000 acres will 
be in place and growing by 2020. 

b. Assuming the statewide, area-weighted carbon stock of forests for a 20-year project is 
101 t CO2/ac (Brown et al. 2004a), the 20-year annualized sequestration rate becomes 5 
t CO2/ac.yr. 

c. The annual CO2 sequestered for each year is estimated by multiplying the number of 
cumulative acres planted by the annualized rate of sequestration. 

  

2. Developing markets for GHG offsets at different price points: 

Assumptions and carbon calculations: 

a. This activity was originally designed to cumulatively sequester 9.25 million tons of 
carbon by 2020.  The annual acreage was derived from an analysis of how many acres it 
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would require to reach that goal.  Since that target is no longer relevant, the analysis is 
not included in this write-up, however the target of planting 25,342 ac/yr is retained. 

b. A state-wide, area-weighted forest carbon stock value of 101 t CO2/ac is assumed 
(Brown et al. 2004a) which results in an annualized carbon benefit of 5 tCO2/ac per 
year. 

c. The annual CO2 sequestered for each year is estimated by multiplying the number of 
cumulative acres planted by the annualized rate of sequestration. 

d. This strategy was implemented for an arbitrarily selected period of 2008 through 2018 
for a total of twelve years.  Future analyses should extend implementation through and 
after 2020. 

e. The actual state market would not be implemented till after 2011, however it is assumed 
a private market will begin to operate before that time.   

 
3. Afforestation/Reforestation of State lands 

Assumptions and carbon calculations: 

a. The area of state lands that is currently non-forested is 465,778 acres (Brown et al. 
2004a) and the average net increase in carbon stocks (weighted by area) after 20 years 
is 43 t CO2/ac (Brown et al. 2004a). Annualizing this value over 20 years, the annual 
rate of sequestration becomes 2 t CO2/ac.yr.  

b. One percent of total state land area is afforested per year over 12 years (4,658 acres per 
year).  Each agency will need to seek the administrative and budgetary support 
necessary to fund achieving these outcomes.  

c. Carbon benefits were calculated for each year by multiplying cumulative acreage by 2 
tCO2/ac.  

d. This strategy was implemented for an arbitrarily selected period of 2008 through 2018 
for a total of twelve years.  Future analyses should extend implementation through and 
after 2020. 

 

Uncertainty for All Approaches 

Uncertainty is undoubtedly large when scenarios include consideration of carbon markets that 
are as yet unformed and the impact  of tax incentives that are not yet legislated. This uncertainty 
alone could be as high as 50 %.  Previous studies (Brown et al. 2004b) illustrate the range of 
uncertainties in some of the input data used to calculate potential carbon benefits: 

 
Identification of eligible areas: 

Federal and State Databases: 18% 
Satellite Imagery:   10% 

Carbon stocks:    18%  
Linking carbon stocks to model:  16%  
Harvest Assumptions:      8% 
 
Using standard error propagation methods, the total uncertainty is estimated to be about 32% 
for all activities. When the uncertainty in area uptake is incorporated, it is likely that total 
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uncertainty will exceed 50%. Clearly this is an area in which more research could increase the 
certainty of the projected carbon sequestration.  

8. Costs and Cost Savings 
The cost of AR is driven by the acres planted and the cost per acre. In the following “Detailed 
Cost Tables”  capital costs are classified as opportunity costs (profit foregone as a result of 
altered land use activities) and operating costs are calculated as the sum of conversion costs 
(one-time costs associated with site preparation and establishing tree plantings) and carbon 
measuring and monitoring costs. Because data on the contracting costs associated with carbon 
activities are scarce, it is assumed that these costs are zero. If a project were to continue for 
longer than the 20 year period that we consider for this analysis (for example, a 40 or 80 year 
project), costs over the life of the project would be substantially lower.  Since carbon markets 
calculate costs based on the life of a project, it would be most appropriate to analyze costs 
based on actual project life. 

1. CFIP Augmentation:   

a. This strategy proposes funding CFIP at $5 million per year for 10 years for a total of $50 
million total.  Of that amount, it proposes spending $3.5 million per year on reforestation.  
The balance ($15 million) will be directed to fuels management projects and for some 
forest stand management, which are also eligible under CFIP.  These funds are 
incorporated into those strategy updates.    

b. Recent CFIP expenditures indicate that total planting costs are about $700 per acre (site 
preparation, planting and maintenance).  This analysis assumes that CFIP, which is a 
cost-share program, will fund $500 per acre (between 70-75% project costs) and the 
project proponent will fund about $200 per acre.  No capital costs are included in this 
analysis because most project areas are already being used for forestry purposes.  

2. Developing markets for GHG offsets at different price points: 

a. To evaluate the range of potential project costs and revenues based on market behavior, 
two price points were assumed: the PG&E price ($9.71/t CO2) and the European 
Union’s Emission Trading System (EU ETS) price (2008 vintage, October 2006, $19.67). 

b. From Brown et al. (2004), capital and implementation costs were calculated for 304,100 
acres (the acreage needed to achieve the original cumulative 9.25 Mt CO2   
sequestration target).  

c. Expected revenue stream was calculated by multiplying the expected total carbon 
sequestered (9.25 MMT CO2) by the two price points (PG&E price=$9.71/t CO2; ETS 
price=$19.67). Profit or loss was determined by subtracting costs from revenue; projects 
that ceased at the year 2020 resulted in $5-97 million in losses while full 20-year projects 
resulted in $73-380 million in profits.  

3. A/R of State lands 

Opportunity costs and implementation costs of afforesting suitable rangelands in California were 
calculated in Brown et al. (2004). Assuming no opportunity cost on state lands, the total cost 
(implementation costs only) of afforesting 465,778 acres of state land would be $232 million, or 
roughly $39 per ton of CO2. Assuming an additional opportunity cost ($90/acre, as calculated for 
private land), afforesting the same area would increase the total cost to $274 million, or $46 per 
ton of CO2.  The inclusion of capital costs is not applicable for most state owned lands.  This 
element of the cost analysis will be reconsidered in the future. 
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9. Other Benefits 
It is not anticipated that the afforestation/reforestation strategy will lead to reductions in 
emissions of pollutants such as VOCs, NOx, SOx and PM. However, the other benefits 
associated with the strategy are significant.  

In addition to carbon sequestration, planting trees in areas suitable for afforestation provides 
other ecosystem benefits such improved water quality, wildlife habitat diversity, improved air 
quality, energy opportunities, and provision of jobs. Conversion of rangelands to forests in 
California also increases the aesthetic value of the landscape, and forest plantations could 
increase the timber value of the land if suitable species are chosen for planting.  

10. Summary Table 
See attached. 

11. References 
Brown, S., A. Dushku, T. Pearson, D. Shoch, J. Winsten, S. Sweet, and J. Kadyszewski. 2004a. 

Carbon Supply from Changes in Management of Forest, Range, and Agricultural Lands 
of California. Publication Number: 500-04-068F. Winrock International, for the California 
Energy Commission, PIER Energy-Related Environmental Research, March 2004.  

Brown, S., T. Pearson, A. Dushku, J. Kadyszewski, Y. Qi. 2004b. Baseline Greenhouse Gas 
Emissions for Forest, Range, and Agricultural Lands In California. Publication Number: 
500-04-069. Winrock International, for the California Energy Commission, PIER Energy-
Related Environmental Research, March 2004. 

Brown, S., T. Pearson, S. Walker, K. MacDicken, and D. Shoch. 2005. Methods manual for 
measuring terrestrial carbon. Winrock International, 41 pp. 
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 Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Afforestation/Reforestation 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section0.] 
All Implementation Approaches 
 
Table 2:  Carbon Dioxide Sequestered Annually and Cumulatively 

Year 

Carbon Dioxide Equivalent Sequestered (Metric Tons) 
CFIP Augmentation GHG Offsets State Land 

Annual Cumulative Annual Cumulative Annual Cumulative 
2005 0 0 0 0 0 0
2006 0 0 0 0 0 0
2007 0 0 0 0 0 0
2008 35,000 35,000 126,710 126,710 9,316 9,316
2009 70,000 105,000 253,420 380,130 18,632 27,948
2010 105,000 210,000 380,130 760,260 27,948 55,896
2011 140,000 350,000 506,840 1,267,100 37,264 93,160
2012 175,000 525,000 633,550 1,900,650 46,580 139,740
2013 210,000 735,000 760,260 2,660,910 55,896 195,636
2014 245,000 980,000 886,970 3,547,880 65,212 260,848
2015 280,000 1,260,000 1,013,680 4,561,560 74,528 335,376
2016 315,000 1,575,000 1,140,390 5,701,950 83,844 419,220
2017 350,000 1,925,000 1,267,100 6,969,050 93,160 512,380
2018 350,000 2,275,000 1,393,810 8,362,860 102,476 614,856
2019 350,000 2,625,000 1,520,520 9,883,380 111,792 726,648
2020 350,000 2,975,000 1,520,520 11,403,900 111,792 838,440

CFIP Augmentation:  5 metric tons of CO2 sequestered per acre per year.   
GHG Offsets:  5 metric tons of CO2 sequestered per acre per year.   
State Land:  2 metric tons of CO2 sequestered per acre per year.   
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Detailed Cost Table  
Strategy:   Afforestation/Reforestation 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 0.] 
Implementation Approach:  CFIP augmentation (Approach #1) 
 

Year 

Cost Estimates (2006 dollars) 

Capital 
Costs 

State 
Operating 

Costs 

Private 
Operating 

Costs 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Fuel 1 Fuel 2 Fuel 3 
2005       
2006       
2007       
2008  $3,500,000 $1,400,000    
2009  $3,500,000 $1,400,000    
2010  $3,500,000 $1,400,000    
2011  $3,500,000 $1,400,000    
2012  $3,500,000 $1,400,000    
2013  $3,500,000 $1,400,000    
2014  $3,500,000 $1,400,000    
2015  $3,500,000 $1,400,000    
2016  $3,500,000 $1,400,000    
2017  $3,500,000 $1,400,000    
2018       
2019       
2020       
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Detailed Cost Table 

Strategy: Afforestation/Reforestation   
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 0.] 
Implementation Approach: Carbon markets (Approach #2) 

Year 

Cost Estimates (2006 dollars) 

Capital 
Costs 

Operating 
Costs 

Cost 
Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Fuel 1 Fuel 2 Fuel 3 
2005       
2006       
2007       
2008 $3,496,540 $15,205,010     
2009 $3,496,540 $15,205,010     
2010 $3,496,540 $15,205,010     
2011 $3,496,540 $15,205,010     
2012 $3,496,540 $15,205,010     
2013 $3,496,540 $15,205,010     
2014 $3,496,540 $15,205,010     
2015 $3,496,540 $15,205,010     
2016 $3,496,540 $15,205,010     
2017 $3,496,540 $15,205,010     
2018 $3,496,540 $15,205,010     
2019 $3,496,540 $15,205,010     
2020       

1.  Cost estimates should be in nominal dollars for each year, unless described otherwise.  See text. 
2.  Costs and Cost Savings estimates should exclude the costs and savings associated with changes 
in fuel consumption.  See text. 
3.  Report changes in electricity and fuel consumption in energy units.  See text. 
4.  Report costs for each year. 
5.  Report the uncertainty in the cost estimates, for example in +X%. 
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 Detailed Cost Table 
Strategy:   Afforestation/Reforestation 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 0.] 
Implementation Approach:  A/R of State Lands (Approach #3) 

Year 

Cost Estimates 

Capital 
Costs 

Operating 
Costs 

Cost 
Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Fuel 1 Fuel 2 Fuel 3 
2005       
2006       
2007       
2008 $500,100 $2,783,350     
2009 $500,100 $2,783,350     
2010 $500,100 $2,783,350     
2011 $500,100 $2,783,350     
2012 $500,100 $2,783,350     
2013 $500,100 $2,783,350     
2014 $500,100 $2,783,350     
2015 $500,100 $2,783,350     
2016 $500,100 $2,783,350     
2017 $500,100 $2,783,350     
2018 $500,100 $2,783,350     
2019 $500,100 $2,783,350     
2020       
Full 

Implementation 
Year 

      

Uncertainty5 ±32% +75%a
     

 

 

 

                                                 
a Note + symbol rather than the typical ± symbol for operating cost uncertainty. For explanation, see methodology. 
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Strategy Update Summary Table 
Strategy:   Afforestation/Reforestation 
Agency:   California Department of Forestry and Fire Protection 
Affected Entities:  [See Affected Entities in Section 0.] 
Implementation Approach:   

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
 
Strategy Metric Goals – 
Acres of trees planted and 
established  

 
117,000 acres of trees 

established on forests and 
rangelands  

 
430,000 acres of trees 

established on forest lands 
and rangelands  

 
Same   

Greenhouse Gas Emissions Impacts 
MMT CO2e Sequestered  

 
0.53 MMT CO2  

 
 

1.98 MMT CO2 

Plantings will  sequester 
more carbon per acre each 
yeare for multiple decades.  
The carbon benefits have 

not been modeled. 

Cost and Cost Savings 
Capital costs and lifetime $3,996,640 01  
Annual operating costs 
and savings 

$22,888,360 0  

Other Benefits 
List other benefits that can 
be quantified 

Watershed protection, water 
quality, wildlife habitat 

Watershed protection, 
water quality, wildlife 

habitat 

 

Uncertainty   
Comments  
1)  Due to implementation assumptions, there are no capital costs or operating costs in 2020.  The annualized cost used in 
the macroeconomic impact economic analysis is $21 million in 2020. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy: Reduction of Greenhouse Gas Emissions Through Water Use 
Efficiency Measures 

 
2. Agency:  Resources 
 
Lead staff contacts: 

Dave Todd 
John Andrew 

 
3. Strategy Description: 
 
Overview 
Approximately 19% of all electricity and 30% of natural gas (non-power plant) are used 
to convey, treat, and distribute water, before and after its use. Many of the state’s inter-
basin transfer systems also have significant hydroelectric generation. The Central 
Valley Project, East Bay Municipal Utility District’s (EBMUD) Mokelumne Aqueduct, and 
San Francisco’s Hetch Hetchy Regional Water System are all net energy producers. 
Despite its significant hydroelectric capacity, the State Water Project (SWP) is a net 
energy consumer. However, the SWP uses its storage capacity to pump water during 
off-peak hours and to generate hydroelectricity during on-peak hours. 
 
Based on data from the draft Statewide Assessment of Energy Used to Manage Water, 
the California Energy Commission (CEC) estimates at least 44 million metric tons of 
CO2 emissions are expelled on average annually to provide the 44 million acre-feet 
(MAF) of urban and agricultural water used statewide.1 On the other hand, this estimate 
does not consider that while water management uses energy that can generate 
greenhouse gas (GHG) emissions, water also generates energy (hydroelectricity) that 
does not. The primary emission sources for GHGs are: (1) fossil fuel-based electricity 
generation, and (2) natural gas combustion.  According to CEC staff an annual water 
savings of 3.1 MAF by 2030 (from the California Water Plan Update 2005), while the 
high-end estimate for urban water use efficiency, would yield equivalent energy savings 
of approximately 10,075 gigawatts hour (GWH) of electricity. 
 
According to CEC staff, the embedded energy use for water delivery is underestimated 
because the estimate only includes the energy in the water development, conveyance, 
potable treatment, and wastewater treatment stages of the water use cycle. It does not 
include additional energy use benefits that might be accrued from saving heated or 

                                                 
1 Of note, environmental water use generally does not result in GHG emissions. However, some forms of 
environmental water use can do so, either directly (e.g., via pumping of water in managed wetlands, 
which requires the use of energy generated by power plants that emit GHGs) or indirectly (e.g., foregoing 
hydroelectricity production in order to use the water to meet environmental objectives and using other 
energy sources to provide a substitute for the hydroelectricity results in GHG emissions). 
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additionally pressurized water at the end use on the customer’s side of the meter. 
Alternatively, some water use efficiency measures (e.g., agricultural drip irrigation using 
surface water) trade increased energy use with lower water use. Also, the energy 
required to produce, convey, treat, and distribute water varies significantly among 
communities depending on their individual circumstances. There is also diversity among 
customers. For example, hot water consumption in tall buildings (which requires both 
heating and pressurization) is more energy intense than single- and two-story buildings. 
Because of this diversity, water efficiency programs can emphasize locations and 
customer uses that have relatively higher energy intensity.  
 
The key to the reduction of GHG through water use efficiency is strategic investment in 
measures tied to water-energy intensity. In general, when a unit of water is saved, so 
too is the energy required to convey, treat, deliver, and use, as well as treat and dispose 
of, that unit of water. Region, elevation, water source, water use sector, and energy 
source, among other factors, all influence water-energy intensity. The statewide 
average for GHG emissions per acre foot is skewed by the wide local variation in the 
water-energy intensity. For example, everything else being equal, a cooling tower 
electrical conductivity meter installed in an industrial plant in Northern California will 
save 2,920 kWh compared to 9,270 kWh saved in a comparable plant south of the 
Tehachapi Mountains, annually.  
 
The Department of Water Resources (DWR) has identified an initial target of 1.1 MAF of 
annual urban water savings (California Water Plan Update 2005). This amount of water 
conservation will be achieved in two ways. First, implementation of locally cost-effective 
conservation measures is estimated to save 881,000 acre-feet per year. Second, an 
additional 224,000 acre-feet per year will be saved by 2030 through the investment of 
State grant funding. For this estimate, $40 million per year of State grant funding is 
assumed to be available from 2009 to 2014, followed by $10 million per year from 2015 
to 2030.  
 
The 2030 targets for urban water savings and resulting GHG emissions reductions can 
only be met if all locally cost-effective projects are implemented by all urban water 
agencies. If these locally cost-effective measures are not implemented voluntarily by 
local agencies, additional State grant funding to provide incentive or new regulations to 
enforce implementation of these conservation measures would be needed to achieve 
the targets. Accelerating the grant funding investment to attain more water savings 
would result in additional emission reductions. 
 
Additional incremental, passive savings of 812,000 acre-feet annually by 2030 are 
estimated to result from State codes and regulations adopted since December 1, 2004 
and 970,000 acre-feet from State codes and regulations adopted before December 
2004; DWR does not include any GHG emission reduction credit for the water savings, 
resulting from State codes and regulations, for the purposes of this analysis.  
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Additional work is needed to refine the potential for GHG emission reductions through 
water use efficiency and the most efficient and effective strategy for achieving the full 
potential. DWR’s climate change team will: 
 

• Identify the energy intensity of various water end uses by region in order to 
prioritize the implementation of water conservation measures.  This task involves 
determining how much embedded energy is required to deliver water to urban 
end-users and to treat wastewater for multiple utilities in specific regions of the 
state in order to identify demand-side water-energy efficiency opportunities for 
the regions.  

• Carry out research into the embedded energy required to deliver water to 
agricultural end users and into the sources of embedded energy in water for each 
region. 

• Identify efficient urban and agricultural water management opportunities that use 
less energy. 

• Determine the marginal cost per acre foot of urban and agricultural water by 
region.  

• Develop a strategy for potential implementation that includes recycling and 
brackish-water desalination in areas with high water-energy intensity. Additional 
research will be required to determine the potential for GHG reductions and the 
cost effectiveness of specific recycling and brackish water desalination projects.  

• Develop a standardized approach to evaluating how water management actions 
described in the California Water Plan Update impact GHG emissions. 

• Coordinate with the California Energy Commission and California Public Utilities 
Commission (CPUC) on the water-energy connection in the areas of research, 
planning, and project implementation activities. 

• Refine the initial targets of GHG reduction. 
 
Affected Entities 
Public and private water suppliers, distributors, end-users, and wastewater treatment 
facilities will be directly affected by the strategy. There are approximately 460 urban 
water suppliers—those serving more than 3,000 customers or more than 3,000 acre-
feet per year—that provide water directly and indirectly to Californians. In addition, there 
are numerous public and private water companies serving fewer customers and lower 
volumes of water. Estimated annual urban water use is 8.7 MAF per year. There are 
also 180 irrigation districts serving 35.0 MAF per year to agricultural customers. There 
are approximately 115 municipal wastewater treatment agencies with over 200 
treatment facilities that process a total of 4.5 MAF of water per year.  
 
Related Objectives 
Water Code Section 10610.4 states: “The Legislature finds and declares that it is the 
policy of the state as follows:  

(a) The management of urban water demands and efficient use of water shall be 
actively pursued to protect both the people of the state and their water resources.  
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(b) The management of urban water demands and efficient use of urban water 
supplies shall be a guiding criterion in public decisions.  
(c) Urban water suppliers shall be required to develop water management plans to 
actively pursue the efficient use of available supplies.” 

 
Strategy Metrics 
• Increase investment in water use efficiency. Accelerate implementation of Best 

Management Practices (BMPs) for urban water conservation and Efficient Water 
Management Practices (EWMPs) for agricultural water conservation through 
financial incentives or regulations.  

• Target resources to water use efficiency measures that require less energy such as 
water using appliances, plumbing fixtures, and irrigation pumps that are water and 
energy efficient. 

• Shift water use off the peak energy demand period to reduce peaks, fill energy 
production valleys, and reduce GHG emissions.2 A large enough reduction in peak 
water use will make it possible to turn some peak power plants off or reduce the 
operating hours of the remaining plants. The net result is less energy used and 
reduced GHG emissions.  

 
All of the metrics listed above are reasonable and useful. The primary metrics for 
measuring the strategy are accelerated implementation of urban BMPs and agricultural 
EWMPs, targeting resources to BMPs that require less energy, and incentives. 
 
Strategy Goals and Implementation Approaches 
• Identify and prioritize agricultural and urban water use efficiency measures with 

negligible or low energy demand, target resources accordingly, and accelerate 
implementation when funding becomes available. 

• Develop energy efficiency criteria for the water use efficiency and integrated regional 
water management grant programs. 

• Identify energy source, water-energy intensity, and marginal cost per acre foot of 
agricultural and urban use by region, water use sector, end use, and other factors 
using current data compiled by water agencies. 

• Promote water conservation through water recycling, when the embedded energy is 
less than other sources of water supply, and estimate the GHG reductions through 
water recycling technical assistance.  

• Refine the initial targets after gathering data over the next year and establish 
statewide GHG Reduced Emission Targets (RETs) from water use efficiency 
measures.  

                                                 
2 Reduction of water and energy use at demand peaks reduces GHG emissions from the generally less efficient, 
electrical generation power plants used during peak periods. In general, these “peak” power plants are less efficient 
than those used during base load periods. In addition, in order for these power plants to be available to provide 
electricity for the few hours of a peak, they also need to be running—effectively idling—for many other hours of the 
day. If energy use is shifted to the valleys, the efficiency of those plants is increased. In addition, the use of power 
during peak periods makes it necessary to generate additional power beyond the amount actually used because of 
congestion in the power transmission and distribution lines.  
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• Estimate funding needs and develop financing strategies for achieving the GHG 
RETs. 

• Develop a standardized approach to evaluating the impact that the water 
management actions described in the California Water Plan Update has upon GHG 
emissions. 

• Coordinate with the CEC and CPUC on the water-energy connection in the areas of 
research, planning, and project implementation activities. 

 
4. Technology: 
 
Urban Best Management Practices that involve technology include: 
 

• BMP 2: Residential Plumbing Retrofits.  Primarily low-flow showerheads and 
faucet aerators. The technology reduces the use of hot water and energy 
(including energy for wastewater treatment) thereby reducing GHG emissions. 

• BMP 3: System Water Audits, Leak Detection and Repair. Use of computers 
and sonic leak detection equipment. The technology reduces the waste of 
water and the energy required for its delivery, treatment and distribution. 

• BMP 4: Metering with Commodity Rates for All New Connections and 
Retrofit of Existing Connections. May include remote-read radio or 
telemetry-read water meters and/or smart water meters, as well as smart 
energy and gas meters that receive signals from the water meter, with the use 
of the Internet, phone lines, or electric lines to report data. The technologies 
can be used to provide feedback on water and energy use to customers; this 
provides them with incentives for reducing the use of hot water and energy.  

• BMP 5: Large Landscape Conservation Programs and Incentives. May 
include remote-controlled, computerized Evapotranspiration or “ET” irrigation 
controllers and dedicated irrigation meters. However, this technology is 
relatively expensive, though future innovations can facilitate expanded 
installation of “ET” irrigation controllers. 

• BMP 6: High-Efficiency (HE) Washing Machine Rebate Programs. High-
efficiency washing machines require less water and energy use to achieve the 
same or higher degree of efficiency as standard clothes washers. Further 
advances can increase the efficiency of HE washing machines. This technology 
reduces the use of hot water and energy.  

• BMP 9: Conservation Programs for Commercial, Industrial, and 
Institutional Accounts. May include a wide range of technologies in a wide 
array of industries. Examples include advances and innovations that facilitate 
the reuse of process water and improve the efficiency cycle of cooling towers, 
water-using ice machines, pre-rinse spray valves, and X-ray processing. These 
technologies reduce the use of cold water, hot water, and energy.  
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• BMP 14: Residential Ultra-Low-Flush Toilet (ULFT) Replacement 
Programs. May include dual flush and flapper-less toilets that reduce the use 
of cold water and energy. 

• Potential BMPs. See the California Urban Water Conservation Council website 
at http://www.cuwcc.org/home.html for additional information. 

• Other Technology. Efficient irrigation valves and emitters, boiler 
replacement/upgrades, commercial dishwasher heating, residential dishwasher 
heating (including pipe losses and controls), steam sterilizer retrofits, high 
efficiency toilets, dual flush ULFT commercial industrial toilets, zero water 
urinals, ultra low flush urinals, commercial and industrial process water use 
efficiency improvements, high efficiency water pumps, variable frequency 
drives and controls, wastewater treatment efficiency improvements, efficient 
water system operation, and other measures used to improve efficiency. 

 
5. Statutory Status: 
Additional statutory authority may be required to implement any regulatory elements of 
the strategy. 
 
6. Implementation Steps and Timeline: 
DWR does not currently have the resources it needs to achieve the initial targets 
outlined above. However, energy conservation is one of the funding criteria in Water 
Use Efficiency grant program ($35 million in Fiscal Year 2006-07, $35 million in the 
Fiscal Year 2007-08 funding cycle) to implement the water conservation measures that 
will also help reduce GHG emissions. Pending availability of funding and necessary 
human resources, DWR will initiate the following:  
FY 07-08 

• Refine energy efficiency criteria for water use efficiency grant program project 
selection to encourage and achieve more energy savings. 

• Evaluate energy impacts of water use efficiency in grant-funded projects. 

• Identify water conservation measures with low energy demand. 

• Promote water conservation through recycling. 

• Refine funding estimates to achieve the GHG RETs and develop funding 
strategy. 

• Coordinate with other agencies, including CEC and CPUC. 
Future years 
• Identify and prioritize agricultural and urban water use efficiency measures with 

negligible or low energy demand by region and target resources accordingly.  
• Initiate development of standardized approach in evaluating the impact of water 

management actions on GHG emissions.  
• Refine the initial targets and estimate of the GHG reductions, including 

contributions from water recycling technical assistance. 
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• Accelerate implementation when funding becomes available. 
• Identify the water-energy intensity required to deliver, treat, and dispose of 

water to end users; energy use by source; and marginal cost of water per acre-
foot by region. 

• Identify water-energy intensity of water by end users. 
• Identify water-energy intensity of agricultural water use by region. 
• Refine the targets and the estimate of GHG reductions, including contributions 

from water recycling technical assistance.  
• Refine funding needs estimates for achieving the GHG RETs. 

 
7. GHG Emission Reductions: 
The GHG emission reductions are realized as a result of energy savings.  The GHG 
emission reductions are estimated based on the energy saved (i.e., MWh) and the 
emissions avoided per MWh.  The emissions factor for electricity consumption avoided 
was adopted for the overall analysis of all the climate strategies and is presented 
separately. 
 
8. Costs and Cost Savings: 
Annual water savings of 1.1 MAF can be achieved through 2030. It is assumed that 
local agencies are implementing locally cost-effective water conservation measures at 
an estimated cost of $233 per acre-foot, and that State grant funding of $40 million per 
year from 2008 to 2014 and $10 million from 2015 to 2030 is available to implement 
additional water conservation measures (Water Plan Update). If water savings are 
144,000 acre-feet per year through 2010, 624,000 acre-feet per year through 2020, and 
1.1 MAF per year through 2030, then total gross implementation costs will be $2.9 
billion and water cost savings would be $7.7 billion in current dollars at the estimated 
average cost of approximately $530 to $635 per acre-foot (California Bay-Delta 
Authority. Water Use Efficiency Comprehensive Evaluation, August 2006).  
 
The cost savings presented in this document are an estimated value based on limited 
data and the following assumptions: The average cost savings includes avoided cost of 
capital, energy, and treatment and assumes no reuse of water. The average cost and 
average cost savings include the costs and savings associated with changes in fuel 
consumption. The weighted averages are based on baseline water use projections, 
before projected conservation (California Bay-Delta Authority, Water Use Efficiency 
Comprehensive Evaluation, August 2006). In cases where water is reused, the cost 
savings are overestimated. Urban reuse ranges from about 4% in the San Francisco 
Bay Region to about 65% in the Tulare Lake Region. The statewide reuse average is 
about 18%. 
 
Affected by reuse are the cost savings, energy use, and GHG emissions benefits of 
urban conservation that arise from reducing the need for the development and 
conveyance of water supply. For example, because of reuse of about 10% in the South 
Coast Region, 1,000 acre-feet of conserved applied water will only have about a 
900 acre-foot impact on the need for conveying water from the Colorado River, 
assuming that it is the marginal source of supply. 
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The estimated water savings in acre-feet are based on an estimate of increases in 
savings to reach the 1.1 MAF per year level in 2030. Studies are needed to refine the 
estimates of water conservation, the net energy impacts, and GHG emission reduction. 
 
9. Other Benefits:  By improving water use efficiency, energy consumption is avoided.  
The co-benefits of reduced energy consumption include reduced emissions of criteria 
pollutants, reduced strain on the electric grid, and other factors.  The reduced emissions 
of criteria pollutants are computed using a standard set of emissions factors across all 
the strategies, and are presented separately. 
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Detailed Strategy Goals Table 
Strategy:  Reduction of Greenhouse Gas Emissions Through Water Use Efficiency 

Measures 
Agency:  Resources 
Affected Entities:  Public and private water suppliers, distributors, end-users, and 
wastewater treatment facilities will be directly affected by the strategy. There are approximately 
460 urban water suppliers (i.e., those serving more than 3,000 customers or more than 3,000 
acre-feet per year) providing water directly and indirectly to Californians. In addition, there are 
numerous public and private water companies serving fewer customers and lower volumes of 
water. There are also 180 irrigation districts and approximately 115 municipal wastewater 
treatment agencies with more than 200 treatment facilities.  
 

Year 

Strategy Goals as Defined by the Strategy 
Metrics 

Water - Acre-feet 
(Million) 

Electricity 
(GigaWatt Hours - GWh) 

2005   
2006   
2007   
2008 0.05 156 
2009 0.10 312 
2010 0.14 468 
2011 0.19 624 
2012 0.24 780 
2013 0.29 936 
2014 0.34 1,092 
2015 0.38 1,248 
2016 0.43 1,404 
2017 0.48 1,560 
2018 0.53 1,716 
2019 0.58 1,872 
2020 0.62 2,028 
Full 

Implementation 
Year (2030) 

1.1 3,588 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:  Reduction of Greenhouse Gas Emissions Through Water Use Efficiency 

Measures 
Agency:   Resources 
Affected Entities:  Public and private water suppliers, distributors, end-users, and 
wastewater treatment facilities will be directly affected by the strategy. There are approximately 
460 urban water suppliers (i.e., those serving more than 3,000 customers or more than 3,000 
acre-feet per year) providing water directly and indirectly to Californians. In addition, there are 
numerous public and private water companies serving fewer customers and lower volumes of 
water. There are also 180 irrigation districts and approximately 115 municipal wastewater 
treatment agencies with more than 200 treatment facilities.  

 

Year 

Non-Energy GHG 
Impacts Energy Impacts 

CO2e GWh 
2005   
2006   
2007   
2008  156 
2009  312 
2010  468 
2011  624 
2012  780 
2013  936 
2014  1,092 
2015  1,248 
2016  1,404 
2017  1,560 
2018  1,716 
2019  1,872 
2020  2,028 
Full 

Implementation 
Year 

 3,588 
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Detailed Cost Table 
Strategy:  Reduction of Greenhouse Gas Emissions Through Water Use Efficiency 

Measures 
Agency:   Resources 
Affected Entities:  Public and private water suppliers, distributors, end-users, and 
wastewater treatment facilities will be directly affected by the strategy. There are approximately 
460 urban water suppliers (i.e., those serving more than 3,000 customers or more than 3,000 
acre-feet per year) providing water directly and indirectly to Californians. In addition, there are 
numerous public and private water companies serving fewer customers and lower volumes of 
water. There are also 180 irrigation districts and approximately 115 municipal wastewater 
treatment agencies with more than 200 treatment facilities.  
 

Year 

Cost and Savings Estimates 
(million dollars) 

Annual 
Capital 
Costs 

Operating 
Costs1 

Annual Cost 
Savings 

2005    
2006    
2007    
2008 $24  $25 
2009 $58  $52 
2010 $67  $78 
2011 $76  $105 
2012 $85  $131 
2013 $94  $155 
2014 $102  $182 
2015 $81  $208 
2016 $90  $236 
2017 $99  $264 
2018 $108  $293 
2019 $117  $322 
2020 $126  $358 
Full 

Implementation 
Year (2030) 

$215  $702 

Uncertainty +-10  +-10 
1. Operating costs are included in the annual capital costs. 
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Climate Action Team Strategy 
Cost Update Documentation 

1. Strategy:  Building Energy Efficiency Standards 

2. Agency:  California Energy Commission 
Thom Kelly, Bill Pennington, Rob Hudler 

3. Strategy Description 
Overview 
The Building Energy Efficiency Standards are designed to increase the efficiency of all newly 
constructed residential and nonresidential buildings and additions and alteration to existing 
buildings in California.  Under the Warren-Alquist Act [Public Resources Code § 25402(a) and 
(b) and 25402.1–25402.9], the principal strategy is to develop, implement, and enforce 
standards that require and result in reduction in energy use in these buildings. 

Affected Entities 
The affected entities are all builders, engineers, architects and designers as well as all 
contractors and suppliers of materials for building projects covered by the standards. This 
includes residential, commercial contractors, owner/builders, their design agents and the entire 
construction supply industry.  Insulation, lighting, space heating and cooling contractors, 
including framing and roofing contractors, all have to abide by the building standard 
requirements.  New construction in California includes low rise residential and nonresidential 
construction. Annual additions to the low-rise residential buildings include single-family housing 
starts of 108,468 and 41,732 multi-family housing starts.  These data are from the Construction 
Industries Research Board (CIRB).  Nonresidential properties include 29 million square feet of 
commercial construction.   

Related Objectives 
As established by legislative mandate and defined in the Public Resources Codes, the objective 
of the building efficiency standards is to reduce the wasteful, uneconomic, inefficient or 
unnecessary consumption of energy.  This includes electricity, natural gas and, more recently, 
the energy associated with water consumption.  A further major objective is the reduction of 
peak demand associated with building-related electricity consumption. 

Strategy Metrics 
The energy savings from the building standards adopted in 2005 is the principal metric; the 
standards are expected to result in annual saving which will result in cumulative savings of 
1,737 Gwh and 32 million therms by 2010 and more than 5,219 Gwh in electricity, and 96 million 
therms of natural gas by 2020. All costs and benefits reported in this analysis are from the 
documentation of the proceedings which may be found at 
http://www.energy.ca.gov/title24/2005standards/archive/rulemaking/documents/2003-07-
11_400-03-014.PDF.  

Strategy Goals and Implementation Approaches 
Implementation of the Building Efficiency Standards will result in 812,008 tons of CO2 
reductions by 2010 and over 2,439,155 tons by 2020.  It is important to note that the estimated 
GHG reduction is based on as assumption of 30 % noncompliance with the Standards.  
Initiatives that are currently not within the Energy Commission’s budget to improve compliance 
and enforcement would lead to substantially higher GHG reductions. 
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4. Technology 
All of the technologies utilized to implement these building efficiency standards are considered 
“off the shelf”– they are readily available in the marketplace.  

5. Statutory Status 
The Energy Commission has statutory responsibility and authority to adopt building efficiency 
standards.  

6. Implementation Steps and Timeline 
The 2005 building efficiency standards are already in effect. 

7. Greenhouse Gas Emission Reductions 
CO2 Emissions reductions are calculated, using standard metrics across all strategies, based 
on the total kWh and BTUs of energy saved from the standards.  The table below shows an 
annual breakdown of the energy savings from which the CO2 reductions are derived. 

8. Costs and Cost Savings 
The estimated costs include capital costs and operating cost savings incurred in the 
construction and subsequent occupation of the buildings.  The annual costs and cost savings 
are shown in the table below. 

9. Other Benefits 
The emissions reductions of criteria pollutants, including ROGs, NOx, and PM are estimated 
across all the strategies using a common set of emission factors applied to the avoided fossil 
generated electricity.  The avoided emissions estimates are reported separately. 
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Detailed Greenhouse Gas Emissions Impacts Table 

Strategy:  Building Energy Efficiency Standards  
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
Implementation Approach:  [See Section 3.] 

 

Year 

Greenhouse Gas Emission Reductions 
Impacts in Energy Units 

Energy Units MWh/yr Energy Units MMBTU 
2005 63,614 117,040 
2006 398,424 733,040 
2007 733,234 1,349,040 
2008 1,068,044 1,965,040 
2009 1,402,854 2,581,040 
2010 1,737,664 3,197,040 
2011 2,072,474 3,813,040 
2012 2,407,284 4,429,040 
2013 2,742,094 5,045,040 
2014 3,076,904 5,661,040 
2015 3,411,714 6,277,040 
2016 3,746,524 6,893,040 
2017 4,114,815 7,570,640 
2018 4,483,106 8,248,240 
2019 4,851,397 8,925,840 
2020 5,219,688 9,603,440 
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Detailed Cost Table 
Strategy:  Building Energy Efficiency Standards   
Agency:    California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3 
Implementation Approach:  [See Section 3.] 

Lifetime:  Residential is based on 30 year life expectancy. Nonresidential is based on 15 year 
life expectancy. 

Year 

Cost Estimates (2006 dollars) 

Capital Costs Cost Savings 

Impacts in Energy Units (as 
needed) 

MWh/yr MMBTU/yr 

2005 $2,511,560 $5,044,966 63,614 117,040
2006 $15,730,298 $31,597,417 398,424 733,040
2007 $28,949,036 $64,251,179 733,234 1,349,040
2008 $42,167,774 $79,227,114 1,068,044 1,965,040
2009 $55,386,512 $103,928,739 1,402,854 2,581,040
2010 $68,605,250 $109,226,258 1,737,664 3,197,040
2011 $81,823,988 $151,605,262 2,072,474 3,813,040
2012 $95,042,726 $165,819,507 2,407,284 4,429,040
2013 $108,261,464 $208,886,975 2,742,094 5,045,040
2014 $121,480,202 $216,286,214 3,076,904 5,661,040
2015 $134,698,939 $259,093,860 3,411,714 6,277,040
2016 $147,917,677 $285,155,398 3,746,524 6,893,040
2017 $162,458,289 $308,651,425 4,114,815 7,570,640
2018 $176,998,901 $347,525,906 4,483,106 8,248,240
2019 $191,539,513 $387,520,170 4,851,397 8,925,840
2020 $206,080,124 $414,089,307 5,219,688 9,603,440

 

First year values for energy savings are based on the portion of first year that the standards 
where in effect.  All values reflected 30 percent reduced compliance which was used in the 
energy and emissions data  
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Climate Action Team Strategy 
Cost Update Documentation 

1. Strategy:  Appliance Efficiency Regulations 

2. Agency:  California Energy Commission 
Thom Kelly, Bill Pennington, Rob Hudler 

3. Strategy Description 
Overview 
The Appliance Efficiency Regulations are designed to increase the efficiency of 
appliances sold or offered for sale to California consumers and businesses.  Under the 
Warren-Alquist Act [Public Resources Code § 25402(c)(1)], the principal strategy is to 
develop, implement, and enforce standards for non-federally regulated appliances 
which require either appropriate minimum efficiencies or maximum energy consumption 
allowances for each type of affected appliance. Emission reductions result from energy 
efficient appliances consuming less electricity and natural gas, thereby avoiding 
emissions associated with electricity generation, which for the most part is supplied 
by fossil fuel based generation, and natural gas combustion appliances used by 
residential and non-residential customers. 
 
Affected Entities 
The affected entities are primarily appliance manufactures, sellers, and consumers. 
Appliance manufacturers and sellers world-wide who offer appliances for sale in 
California must manufacture, label, and market their appliances to meet California’s 
minimum efficiency requirements.  The volume of sales varies substantially by the type 
of appliance.  Appliances such as food warmers associated with smaller commercial 
markets, such as restaurants, have annual sales of only a few thousand units.  In 
comparison, incandescent light bulb sales are in the hundreds of millions of units per 
year.  Consumer choices and energy use are affected.  The appliance efficiency 
standards must be drawn so that they do not result in added total costs to the consumer 
over the designed life of the appliances concerned.  
 
Related Objectives 
As established by legislative mandate and defined in the Public Resources Codes, the 
objective of the appliance efficiency standards is to reduce the wasteful, uneconomic, 
inefficient or unnecessary consumption of energy. This includes electricity, natural gas, 
and, more recently, the energy associated with water consumption.  A further major 
objective is the reduction of peak demand associated with electric based appliances.  
 
Strategy Metric 
The energy savings from the comprehensive Appliance Efficiency Regulations adopted in 
2004 is the principal metric.  As developed in extensive workshops, hearings and 
numerous staff and participant studies during the adoption proceedings, these regulations 
are expected to result in annual savings of more than 1,148 GWH of electricity and 9 
million therms of natural gas by 2010 and over 12,635 GWh of electricity and 99 million 
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therms of natural gas in 2020.  All costs and benefits reported in this analysis are from the 
documentation of the proceedings which may be found at 
http://www.energy.ca.gov/appliances/2004rulemaking/documents/case_studies/.  
 
Strategy Goals and Implementation Approaches  
Goals for future appliance standard adoptions must be made based on specific 
information developed during each rulemaking proceeding, dependent on what 
appliances are to be addressed and assessments of the technical potential and cost 
effectiveness of alternative standards for those appliances.  California appliance 
efficiency standards development must interface with federal appliance regulation that 
restricts which appliances California can consider and regulate.   
 
It is important to note that the analysis in this report is based on as assumption of 30 
percent noncompliance with the appliance standards.  Initiatives that are currently not 
within the Energy Commission’s budget to improve compliance and enforcement would 
lead to substantially higher GHG reductions. 

4. Technology 
All of the technologies utilized to implement these energy efficiency standards are considered 
“off the shelf”– they are readily available in the marketplace.  

5. Statutory Status 
The Energy Commission has statutory responsibility and authority to adopt appliance efficiency 
standards.  

6. Implementation Steps and Timeline 
The 2004 appliance efficiency standards are already in effect. 

7. Greenhouse Gas Emission Reductions 
CO2 Emissions reductions are calculated, using standard metrics across all strategies, based 
on the total kWh and Therms of energy saved from the standards.  The table below shows an 
annual breakdown of the energy savings from which the CO2 reductions are derived. 

8. Costs and Cost Savings 
The estimated costs include capital costs and operating cost savings incurred by customers.  
The annual costs and cost savings are shown in the table below. 

9. Other Benefits 
The emissions reductions of criteria pollutants, including ROGs, NOx, and PM are estimated 
across all the strategies using a common set of emission factors applied to the avoided fossil 
generated electricity. 
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 Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:  Appliance Efficiency Regulations  
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3] 
 

Year 

Greenhouse Gas Emission Reductions 
Impacts in Energy Units 

Energy Units MWh/yr Energy MMBtu 
2005   
2006 332,634 461,440 
2007 438,613 650,440 
2008 914,494 650,440 
2009 980,786 650,440 
2010 1,148,669 902,440 
2011 2,297,338 1,804,880 
2012 3,446,007 2,707,320 
2013 4,594,676 3,609,760 
2014 5,743,345 4,512,200 
2015 6,892,014 5,414,640 
2016 8,040,682 6,317,080 
2017 9,189,351 7,219,520 
2018 10,338,020 8,121,960 
2019 11,486,689 9,024,400 
2020 12,635,358 9,926,840 
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Detailed Cost Table 
Strategy: Appliance Efficiency Regulations    
Agency:    California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3] 
 

 
Year 

Cost Estimates (2006 dollars) 

Capital Costs Cost Savings 
Impacts in Energy Units 

MWhr MMBtu 
2005 $0 $0 0 0 
2006 $14,597,976 $35,173,166 332,634 461,440 
2007 $19,501,832 $53,948,692 438,613 650,440 
2008 $36,410,121 $95,574,820 914,494 650,440 
2009 $38,765,486 $101,192,348 980,786 650,440 
2010 $46,248,290 $104,832,686 1,148,669 902,440 
2011 $92,496,580 $241,742,977 2,297,338 1,804,880 
2012 $138,744,870 $345,549,417 3,446,007 2,707,320 
2013 $184,993,160 $513,284,845 4,594,676 3,609,760 
2014 $231,241,450 $597,591,086 5,743,345 4,512,200 
2015 $277,489,740 $774,265,608 6,892,014 5,414,640 
2016 $323,738,030 $898,286,801 8,040,682 6,317,080 
2017 $369,986,320 $1,017,901,817 9,189,351 7,219,520 
2018 $416,234,610 $1,181,962,731 10,338,020 8,121,960 
2019 $462,482,900 $1,354,209,797 11,486,689 9,024,400 
2020 $508,731,190 $1,489,198,293 12,635,358 9,926,840 

 

First year values for energy savings are based on the portion of first year that the standards 
were in effect.  All values reflected 30 percent reduced compliance which was used in the 
energy and emissions data development. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Fuel Efficient Tire Program 

2. Agency:  California Energy Commission 
 B. B. Blevins, Thom Kelly, Ray Tuvell 

3. Strategy Description 
Overview 
The Fuel Efficient Tire Program strategy employs energy efficiency information programs to 
encourage consumers to choose the most energy efficient tires and to keep their tires properly 
inflated.  Following consumer demand, tire manufacturers will be encouraged to manufacture 
more energy efficient tires and vehicle manufacturers will be encouraged to provide vehicle tire 
pressure monitoring systems.  This strategy was prompted from the results of SB 1170 Chapter 
912, Statutes of 2001, which concluded that there was a substantial fuel savings possibility with 
the inclusion of properly inflated fuel-efficient tires into the market place.   

Rolling resistance, the force at the axle in the direction of travel required to make a loaded tire 
roll,1 is a source of energy loss in the operation of a vehicle obtained primarily from the 
deformation and recovery of a tire during its rotation known as hysteresis.  The energy losses 
caused by hysteretic variables cause a vehicle to have higher rolling resistances and more 
importantly, to consume greater amounts of fuel.2  A vehicle using tires that have a high rolling 
resistance is using more fuel relative to its counterpart with low rolling resistance tires, and as a 
result, the vehicle with the high rolling resistance tires emits larger amounts of green house 
gases (GHG).  The Fuel Efficient Tire Program’s goal is to reduce GHG emissions by 
encouraging and promoting the use of low rolling resistance tires thereby reducing the 
consumption of fuels, and decreasing emissions associated with vehicle travel. 

Under-inflated tires also result in increased fuel consumption and thus contribute to increased 
GHG.  In a recent survey conducted by the National Highway Transportation Safety 
Administration’s (NHTSA), National Center for Statistics and Analysis (NCSA) measuring the 
extent to which passenger vehicles significantly deviated from their actual measured tire 
pressure from the manufacturer’s recommended tire pressure, the NCSA found that 3 percent of 
the vehicle population surveyed had all four tires under-inflated by 25 percent or more.3   For 
example, an under-inflated tire 25 percent below the common recommended inflation pressure 
of 32 pounds per square inch (psi) would be 8 psi below the recommended level.  According to 
the NHTSA, under-inflated tires can lower fuel economy (in miles per gallon) by 0.2 percent for 
every 1 psi drop in pressure for all four tires. 4 The Fuel Efficient Tire Program coupled with the 
a public outreach program promoting maintaining proper tire inflation levels will reduce GHG 
emissions, and reduce petroleum consumption. 

Affected Entities 
The Fuel Efficient Tire Program will affect consumers buying replacement tires and tire 
producers.  The consumer buying replacement tires for their vehicle, upon choosing low rolling 
resistance tires operating on proper inflation levels, will maintain high fuel economy and 
subsequently a financial and environmental savings.  Tire manufacturers, in order to meet 
consumer demand, will need to focus their manufacturing energies into producing tires which 
maintain low rolling resistances.  Increased consumer demand, and increased low rolling 
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resistance tire production, will increase fuel savings and reduce petroleum use which ultimately 
decreases GHG emissions from vehicles.  

Related Objectives 
The strategy is motivated primarily by non-greenhouse gas benefits.  Through the Fuel 
Efficient Tire Program, GHG emission reductions are being realized from actions that are 
motivated primarily from goal of reducing petroleum use in vehicle fuels.   

Strategy Metrics 
In the Fuel Efficient Tire Program, the following metric will be used to define, and quantify the 
GHG emission reduction results:  the change in the number of and average rolling resistance of 
replacement tires sold per year in California.   

Strategy Goals and Implementation Approaches 
The goal of the Fuel Efficient Tire Program is to phase out tires that currently possess high 
rolling resistance with tires that possess low rolling resistance (i.e. more energy efficient) while 
concurrently informing the consumer of the fuel economy benefits of maintaining proper tire 
pressure.  The California Energy Commission (Energy Commission) is currently looking at a 
public information program as the implementation method to address the fuel economy benefits 
from using low rolling resistance tires and maintaining proper tire inflation levels.    

4. Technology 
Implementation of the Fuel Efficient Tire Program would not require new technologies or 
significant retooling of factories for tire manufacturers.  The technology exists today for the 
increased production of low rolling resistance tires and for their increased inclusion into the 
marketplace.   

There currently exists on the market today original equipment manufacturer (OEM) and 
aftermarket tire pressure monitoring systems for light vehicles which are warning systems to 
indicate to the operator when a tire is significantly underinflated (8 psi or more).   

5. Statutory Status 
The Energy Commission is currently developing a comprehensive implementation plan which 
will look at the potential energy impacts of a range of activities from providing information to 
consumers about the rolling resistance of tires to adopting performance standards for 
replacement tires sold in California.  Using this approach, the Energy Commission will 
investigate statutory programs, including mandatory reporting, as a possible mechanism for the 
Fuel Efficient Tire Program.  Results could become available as early as 2008.   

NHTSA has adopted a rule requiring all new motor vehicles to be equipped with tire pressure 
monitoring systems.5  Phase-in and 100 percent compliance by auto manufacturers are 
scheduled to take effect September 1, 2007.6 

6. Implementation Steps and Timeline 
The Energy Commission is considering an information program as the implementation method 
to increase the use of low rolling resistance tires in the California marketplace and to increase 
public awareness on the fuel economy benefits from maintaining proper tire inflation levels.  The 
Energy Commission is meeting with tire manufacturers to discuss data gathering and reporting 
requirements and potential timelines.  Given that the results from these meetings are not yet 
available, estimates of the steps and timelines are based upon historical precedents.  Pending 
time for this approach to be reviewed by the Energy Commission, industry, and the public, and 
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the time needed upon approval to begin the implementation of this plan, the Energy 
Commission would expect the following steps and timelines to begin in 2009.    

• Low Rolling Resistance Tires 

Assuming that a consumer education campaign on the fuel economy benefits of low rolling 
resistance tires could influence up to 15 percent of motorists, it is estimated that in 2009 there 
will be a market penetration on low rolling resistance tires of 5 percent.  In year 2010, an 
estimated market penetration of 8 percent; in year 2011, an estimated market penetration of 12 
percent; in year 2012, an estimated market penetration of 15 percent; and subsequently every 
year from 2013 – 2020, the estimated market of low rolling resistance tires will be at saturation 
(steady state) and will remain at 15 percent.   

• Proper Tire Inflation 

Assuming that a public awareness campaign on the fuel economy benefits from maintaining 
proper tire inflation levels could influence up to 15 percent of motorists, it is estimated that in 
2009 100 percent of the 15 percent of motorists that the public awareness campaign has 
reached, will begin maintaining proper tire inflation levels.  A greater percentage of public 
participation beyond the 15 percent reached in the public awareness campaign is not assumed, 
thus, every subsequent year from 2009 will continue to see 15 percent public participation.   

7. Greenhouse Gas Emission Reductions 
Greenhouse Gas Emission Impact for the Fuel Efficient Tire Program: If a replacement tire that 
reduces rolling resistance from the average resistance to the least (best) resistance were to be 
placed on a vehicle, this would increase the average car’s fuel mileage from 20 mpg to 20.4 
mpg, an improvement of 2 percent. The increase fuel mileage, however, will only be seen up 
until the point that the tread depth on the replacement tire is equal to the starting tread depth of 
a new original equipment (OE) tire.  At this point, no new fuel mileage savings are estimated to 
accrue because new OE tires, on average, currently have the least (best) resistance.  If the 
average difference between a new replacement tire and a new OE tire is 20,000 miles, and the 
average vehicle travels 15,000 miles annually, then 5,000 of these miles can be counted as 
miles which fuel savings take place.  These miles will reduce the vehicle's annual fuel use by 5 
gallons ((5,000 / 20) x .02).  If there are 25 million vehicles in California’s fleet, and the average 
replacement rate for tires is once every four years, then after four years an average of 7.25 
million sets of tires per year will reduce fuel use by 36 million gallons per year. 

Given the aforementioned assessment, the expected rates of market penetration mentioned in 
Section 6, and an annual growth rate of 1.2 percent of California’s vehicle fleet, the following 
tables represent the estimated GHG emission impacts generated from an Energy Commission 
model for the Fuel Efficient Tire Program, and the GHG emission impacts of Proper Tire 
Inflation.   

8. Costs and Cost Savings   
The cost for the Fuel Efficient Tire Program is the cost of the public outreach programs that 
would need to be implemented to influence motorists on the improved fuel economy benefits 
gained from the use of low rolling resistance tires and from maintaining proper tire inflation 
levels.  Currently, the Energy Commission is funding a solar initiative whose purpose is to 
increase the use of solar electricity systems on new homes.7  The solar initiative’s public 
outreach program is comparable in design to the possible Fuel Efficient Tire Program in the 
following manner.  The solar program’s goal is to reach out to both, Home Builders, and Home 
Buyers; and the possible Fuel Efficient Tire Program goals are to reach out to both Tire 
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Manufacturers, and Tire Consumers.  The comparative nature of the possible public outreach 
programs leads to comparisons in the costs of implementation.  The solar initiative has an 
annual cost of $1,250,000, and since the Fuel Efficient Tire Program has two parts:  tire 
efficiency and proper inflation levels, the costs can be shared between the two.8   

The cost savings includes the fuel savings brought about by the 2 percent increase in fuel 
economy by decreasing rolling resistance by 10 percent, plus the increased fuel economy of 2 
percent gained by reaching the 3 percent of motorists who previously did not keep proper 
inflation levels in their tires.   

9. Other Benefits 
The other benefits gained from the Fuel Efficient Tire Program, besides the reduction of 
petroleum and GHG, are the reductions in emissions of criteria pollutants, including VOCs, NOx, 
SOx, and PM.  To ensure consistency, a common set of emission factors will be used to 
estimate changes in these emissions from changes in liquid fuel consumption brought about by 
the Fuel Efficient Tire Program. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Fuel Efficient Tire Program 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Greenhouse Gas Emission Reductions 
Impacts in Energy Units 

Gallons of Gasoline / Year 
2009 1,776,265 
2010 5,775,417 
2011 8,801,281 
2012 11,177,049 
2013 11,355,294 
2014 11,536,382 
2015 11,702,358 
2016 11,907,268 
2017 12,097,159 
2018 12,290,078 
2019 12,486,073 
2020 12,685,194 
Full 

Implementation 
Year 

2012 

Uncertainty4 ± 20% 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Fuel Efficient Tire Program - Proper Tire Inflation 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Greenhouse Gas Emission Reductions 
Impacts in Energy Units 

Gallons of Gasoline / Year 
2009 203,376 
2010 379,489 
2011 532,480 
2012 665,871 
2013 782,653 
2014 885,374 
2015 976,196 
2016 1,056,962 
2017 1,129,236 
2018 1,194,350 
2019 1,253,436 
2020 1,307,459 
Full 

Implementation 
Year 

2009 

Uncertainty4 ± 20% 
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Detailed Cost Table 

Strategy:   Fuel Efficient Tire Program 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.]  
 
 

Year 

Cost Estimates (2006 Dollars) 

Operating Costs Cost Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Gallons of Gasoline / Year 
2009 625,000  1,776,265 
2010 625,000  5,775,417 
2011 625,000  8,801,281 
2012 625,000  11,177,049 
2013 625,000  11,355,294 
2014 625,000  11,536,382 
2015 625,000  11,702,358 
2016 625,000  11,907,268 
2017 625,000  12,097,159 
2018 625,000  12,290,078 
2019 625,000  12,486,073 
2020 625,000  12,685,194 
Full 

Implementation 
Year 

2012  2012 

Uncertainty5 ± 20%  ± 20% 
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Detailed Cost Table 

Strategy:   Fuel Efficient Tire Program - Proper Tire Inflation 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year4 

Cost Estimates (2006 Dollars) 

Operating Costs Cost Savings 

Electricity and Fuel Consumption 
Impacts in Energy Units 

Gallons of Gasoline / Year 
2009 625,000  203,376 
2010 625,000  379,489 
2011 625,000  532,480 
2012 625,000  665,871 
2013 625,000  782,653 
2014 625,000  885,374 
2015 625,000  976,196 
2016 625,000  1,056,962 
2017 625,000  1,129,236 
2018 625,000  1,194,350 
2019 625,000  1,253,436 
2020 625,000  1,307,459 
Full 

Implementation 
Year 

2009  2009 

Uncertainty5 ± 20%  ± 20% 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Municipal Utility Program 

2. Agency:  California Energy Commission 
B. B. Blevins, Thom Kelly, Gary Klein 

3. Strategy Description 
Overview 
The original strategies for municipal utilities, or Publicly Owned Utilities (POUs), were 
separately listed as the 1) combined heat and power initiative, 2) accelerating 
renewable development, 3) carbon policy and 4) additional energy efficiency programs.  
Since the strategies were originally developed, the POUs have committed to work with 
the Energy Commission to develop a more complete set of GHG reduction strategies, 
including those listed above.  Therefore the four separate strategies have been 
combined into one overall POU program. 
 
Because there are 42 POUs in California, each with its own unique set of circumstances 
– including number and type of customers, microclimates, service areas, generation 
ownership, contracts for power, etc. – the California Municipal Utilities Association 
(CMUA) is coordinating plans of all its member utilities and some are considering the 
submittal of these proposals to the Energy Commission for evaluation.  The Energy 
Commission has committed to review these plans before they are modified, voted on 
and put into place by each of the different POU boards.  The manner in which the POUs 
will implement the measures will depend on each board, so it is not possible to a priori 
assign GHG reduction amounts. The practical implications of these real-time 
developments mean that the preliminary CAT Report estimates of POU GHG reductions 
will not be further refined until their integrated and combined plans are available. 
 
As one part of the overall strategy, POUs have been actively engaged in responding to 
the CEC and CPUC 1368 regulation development. The CPUC adopted its regulations 
for the investor-owned utilities in January, 2007. The CEC adopted regulations for 
municipal utilities in June, 2007. The GHG emissions reductions from the combined 
strategies implemented by the CEC and CPUC under SB1368 are still to be determined. 
 
Affected Entities 
This program will affect POUs, their customers and their suppliers.  In addition, energy 
efficiency providers and potential new generation suppliers may be affected. 
Related Objectives 
Although the components of the final strategy are not known at this time, they are 
expected to be composed of a mix of energy and GHG reduction strategies.  
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Strategy Metrics 
In this strategy, the following metric will be used to define, and quantify the GHG 
emission reduction results:  the megawatt-hour amount of energy and million metric 
tons of CO2 saved. 
Strategy Goals and Implementation Approaches 
The goal of the program is to use a combination of combined heat and power initiatives, 
accelerating renewable development, carbon policy, energy efficiency and other 
measures and programs to achieve energy savings and GHG reductions. 

4. Technology 
The implementation this program may require new technologies to be produced, but 
most technologies exist and are well known. 

5. Statutory Status 
The Energy Commission has authority over POUs to implement a GHG performance 
standard for new baseload procurement.  The POUs have voluntarily engaged with the 
Energy Commission to provide a least-cost plan to further reduce electricity 
consumption and GHG emissions. 

6. Implementation Steps and Timeline 
In response to SB 1368, the Energy Commission and the CPUC have been 
collaborating on utility procurement practices to address ways for them to transition 
away from carbon-intensive electricity sources.  While the CPUC adopted its regulations 
for the investor owned utilities in January, 2007 the Energy Commission began 
exploring options to encourage POUs to transition away from carbon intensive 
generation to low-carbon alternatives, and to reduce purchases of carbon intensive 
power.  Although the Energy Commission adopted regulations in June, 2007, the 
resulting GHG reductions have not yet been estimated.   
AB 32 requires CARB to adopt a GHG emissions cap on all sectors to reduce statewide 
GHG emissions to 1990 levels.  To assist CARB in this requirement, the CPUC initiated 
a joint rulemaking that includes the Energy Commission on February 2, 2007.  This 
proceeding will provide a set of load-based GHG emissions cap policy guidelines to 
CARB for the electricity sector, including POUs, on the implementation of AB 32.  The 
guidelines and their anticipated GHG reduction effects are expected by early 2009. 

7. Greenhouse Gas Emission Reductions 
Because the information will not exist for several years to determine and estimate with 
precision the energy use and GHG reductions – and the degree of participation by each 
municipal utility in each reduction measure – that will result from the POUs’ program, 
the existing Climate Action Report estimates represent the best available at this time.  
The original individual strategies combined into this overall strategy account for a CO2 
reduction of 4 million metric tons (MMT) by 2010 and 18 MMT by 2020.  For purposes of 
providing numerical estimates for the intervening years – 2005 to 2020, inclusive – it is 
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assumed that these reductions will be achieved on a schedule determined by linear 
interpolations between 2005 to 2010 and from 2010 to 2020.  
For purposes of estimating the costs associated with the Climate Action Report original 
GHG reduction goals for this strategy under the constraint that the exact GHG 
reductions, the implementation measures, timeframes and costs are not known or 
knowable at this time, it is assumed unless otherwise noted that 1) that accelerating 
Renewable Portfolio Standard purchases will be made with resources that are cost 
competitive with gas-fired generation, so no additional cost will be incurred; 2) all GHG 
reductions will be met with equal combinations of renewable energy, energy efficiency 
and substitution of gas-fired generation for coal fired generation; 3) new renewable 
energy additions will replace gas-fired generation; 4) the energy and CO2 reductions 
per MWh are the same as those adopted for all strategies; and 5) existing municipal 
utility contracts for coal fired generation will expire at a rate equal to or greater than the 
amount of electricity displaced by the coal substitution portion of this program so that 
additional costs for take-or-pay contract provisions will not be required. 

8. Costs and Cost Savings   
The accelerated RPS CO2 savings are assumed to be provided though new purchases that will 
have equivalent costs to their conventional gas-fired competitive generation, thus no 
incremental costs are reported.  Energy efficiency gains are higher than energy efficiency costs 
for POUs over the life of the programs, appliances and measures, so net costs are represented 
by a levelized savings of $85 per MWh over the 2005 – 2020 period.  Substitution of gas fired 
generation for coal fired generation is assumed to cost an incremental $36 per ton of reduced 
CO2 based on a) 815 lbs. per MWh of gas fired generation replacing 1,794 lbs. per ton of CO2 
from coal-fired generation, and b) the assumption that capital and operating costs for new gas 
fired generation will average an additional $16 per MWh above operating costs for existing coal-
fired generation. 

9. Other Benefits 
While the energy efficiency programs of the POUs are primarily directed at electricity 
savings, some of the measures, such as ceiling, wall and floor insulation, will also save 
natural gas.  These other benefits are not explicitly captured in the savings estimates in 
this report.  The reduced emissions of criteria pollutants from electricity generation are 
computed using a standard set of emissions factors across all the strategies, and are 
presented separately. 
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Detailed Strategy Goals Table 
Strategy:   Municipal Utility Program 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Strategy Goals as Defined by 
the Strategy Metrics 

Linear Interpolation of Original 
Climate Action Report GHG 

Reduction Goals 
(MMT CO2e) 

2005 0.67 
2006 1.33 
2007 2.00 
2008 2.67 
2009 3.33 
2010 4.00 
2011 5.40 
2012 6.80 
2013 8.20 
2014 9.60 
2015 11.00 
2016 12.40 
2017 13.80 
2018 15.20 
2019 16.60 
2020 18.00 
Full 

Implementation 
Year 

ongoing 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Municipal Utility Program 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Greenhouse Gas Emission Reductions 
Emission Reduction Impacts in Energy Units 

Meeting 1/3 
of Climate 

Action 
Report 
GHG 

Reduction 
with RPS  

 (MMT) 

Meeting 
1/3 of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with EE  
(MMT) 

Meeting 
1/3 of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with no 

new coal  
(MMT) 

Meeting 1/3 
of Climate 

Action 
Report 
GHG 

Reduction 
with RPS  

(MWh) 

Meeting 1/3 
of remaining 

Climate 
Action 
Report 
GHG 

Reduction 
with EE  
(MWh) 

Meeting 
1/3 of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with no 

new coal  
(MWh) 

2005 0.2 0.2 0.2 0.0 0.6 0.5 
2006 0.4 0.4 0.4 0.0 1.2 1.0 
2007 0.7 0.7 0.7 0.0 1.8 1.5 
2008 0.9 0.9 0.9 0.0 2.4 2.0 
2009 1.1 1.1 1.1 0.0 3.0 2.5 
2010 1.3 1.3 1.3 0.0 3.6 3.0 
2011 1.8 1.8 1.8 0.0 4.9 4.0 
2012 2.3 2.3 2.3 0.0 6.1 5.1 
2013 2.7 2.7 2.7 0.0 7.4 6.1 
2014 3.2 3.2 3.2 0.0 8.6 7.2 
2015 3.7 3.7 3.7 0.0 9.9 8.2 
2016 4.1 4.1 4.1 0.0 11.2 9.3 
2017 4.6 4.6 4.6 0.0 12.4 10.3 
2018 5.1 5.1 5.1 0.0 13.7 11.4 
2019 5.5 5.5 5.5 0.0 14.9 12.4 
2020 6.0 6.0 6.0 0.0 16.2 13.5 
Full 

Implementation 
Year 

    
2030 at a net 

savings of 
$2,125/yr 

 

Uncertainty ±90% ±90% ±90% ±90% ±90% ±90% 
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Detailed Cost Table 

Strategy:   Municipal Utility Program 
Agency:   California Energy Commission 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year4 

Cost Estimates (2006 Dollars) 

Annual 
Cost of 
Meeting 

1/3 of 
Climate 
Action 
Report 
GHG 

Reduction 
with RPS  

  
(2006$MM) 

Annual Cost 
of Meeting 

1/3 of 
remaining 

Climate 
Action 
Report 
GHG 

Reduction 
with EE  

(2006$MM) 

Annual 
Cost of 

Meeting 1/3 
of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with no new 

coal  
(2006$MM) 

Electricity and Fuel Consumption 
Impacts in Energy Units3 

Meeting 
1/3 of 

Climate 
Action 
Report 
GHG 

Reduction 
with RPS  

(MWh) 

Meeting 
1/3 of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with EE  
(MWh) 

Meeting 1/3 
of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with no 

new coal  
(MWh) 

2005 0 $19 $8 0.0 0.6 0.5 
2006 0 $73 $16 0.0 1.2 1.0 
2007 0 $138 $24 0.0 1.8 1.5 
2008 0 $184 $32 0.0 2.4 2.0 
2009 0 $277 $40 0.0 3.0 2.5 
2010 0 $310 $48 0.0 3.6 3.0 
2011 0 $423 $65 0.0 4.9 4.0 
2012 0 $542 $81 0.0 6.1 5.1 
2013 0 $684 $98 0.0 7.4 6.1 
2014 0 $794 $115 0.0 8.6 7.2 
2015 0 $899 $132 0.0 9.9 8.2 
2016 0 $1,001 $149 0.0 11.2 9.3 
2017 0 $1,101 $165 0.0 12.4 10.3 
2018 0 $1,201 $182 0.0 13.7 11.4 
2019 0 $1,297 $199 0.0 14.9 12.4 
2020 0 $1,394 $216 0.0 16.2 13.5 

Full 
Implementation 

Year 
    

2030 at a 
net 

savings of 
$2,125/yr 

 

Uncertainty5 ±90% ±90% ±90% ±90% ±90% ±90% 
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Detailed Savings Table 
Strategy:   Municipal Utility Program 
Agency:   California Energy Commission 
Affected Entities:  Municipal utilities, their customers, energy and efficiency providers 
Implementation Approach:  Municipal utility combined strategies, measures and programs  

Lifetime:  not applicable 

 

Year4 

Cost Estimates (2006 Dolars) 

Annual 
Savings 

from 
Meeting 

1/3 of 
Climate 
Action 
Report 
GHG 

Reduction 
with RPS 

 
(2006$MM) 

Annual 
Savings 

from 
Meeting 1/3 

of 
remaining 

Climate 
Action 
Report 
GHG 

Reduction 
with EE 

(2006$MM) 

Annual 
Savings 

from 
Meeting 1/3 

of 
remaining 

Climate 
Action 
Report 
GHG 

Reduction 
with no new 

coal 
(2006$MM) 

Electricity and Fuel Consumption 
Impacts in Energy Units3 

Meeting 
1/3 of 

Climate 
Action 
Report 
GHG 

Reduction 
with RPS  

(MWh) 

Meeting 
1/3 of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with EE  
(MWh) 

Meeting 1/3 
of 

remaining 
Climate 
Action 
Report 
GHG 

Reduction 
with no 

new coal  
(MWh) 

2005 0 ($12) ($8) 0.0 0.6 0.5 
2006 0 ($8) ($16) 0.0 1.2 1.0 
2007 0 $84 ($24) 0.0 1.8 1.5 
2008 0 $160 ($32) 0.0 2.4 2.0 
2009 0 $256 ($40) 0.0 3.0 2.5 
2010 0 $307 ($48) 0.0 3.6 3.0 
2011 0 $491 ($65) 0.0 4.9 4.0 
2012 0 $637 ($81) 0.0 6.1 5.1 
2013 0 $862 ($98) 0.0 7.4 6.1 
2014 0 $1,001 ($115) 0.0 8.6 7.2 
2015 0 $1,213 ($132) 0.0 9.9 8.2 
2016 0 $1,392 ($149) 0.0 11.2 9.3 
2017 0 $1,555 ($165) 0.0 12.4 10.3 
2018 0 $1,755 ($182) 0.0 13.7 11.4 
2019 0 $1,955 ($199) 0.0 14.9 12.4 
2020 0 $2,125 ($216) 0.0 16.2 13.5 
Full 

Implementation 
Year 

 
2030 at a net 

savings of 
$2,125/yr 

    

Uncertainty5 ±90% ±90% ±90% ±90% ±90% ±90% 
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Strategy Update Summary Table 
Strategy: :   Municipal Utility Program 
Agency:   California Energy Commission 
Affected Entities:  Municipal utilities, their customers, energy and efficiency providers 
Implementation Approach:  Municipal utility combined strategies, measures and programs 

Data Elements 2010 2020 
Full Implementation Year 

(if after 2020) 
Strategy Metric Goals (report for each metric) 6.1 MWh 29.7 MWh  
Greenhouse Gas Emissions Impacts 

MMT CO2e (emissions impact not associated with fossil energy 
combustion) 

0 0 0 

Fossil Energy Impacts (in energy units)    
Change in electricity consumption (GWh) [by season and 
time of day if possible] 

3.6 MWh 16.2 MWh 2030 for energy efficiency 

Substitution of non-fossil electricity production (GWh) [by 
season and time of day if possible] 
Renewable generation substitution for gas fired 
generation, plus gas fired generation as a substitute for 
coal fired generation 

6.1 MWh 29.7 MWh  

Change in transportation fossil fuel consumption    
Change in stationary fossil fuel consumption (by fuel type)    

Cost and Cost Savings in $2006 
Capital costs and lifetime    
Annual operating costs and savings- dollars    
Electricity & fuel consumption impacts    

Other Benefits 
List other benefits that can be quantified    

Uncertainty approximate uncertainties of the estimates are ± 90%. 
Comments This summary table represents the assumed equal MMT CO2 contribution of accelerating renewable generation, additional energy 
efficiency and coal generation replacement.  
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 1 
 

Introduction 
 
Greenhouse gas (GHG) emissions and the related subject of global climate change are 
emerging as critical issues for the transportation community.  The California Department 
of Transportation (Department) recognizes the significance of cleaner, more energy 
efficient transportation.  Improving performance of transportation systems and operations 
along with strong technology and market policy to encourage innovations are important 
steps toward lowering fossil fuel consumption and GHG emissions.  
 
The Department’s Climate Action Program promotes clean and energy efficient 
transportation and provides guidance for mainstreaming energy and climate change issues 
into its business operations.  The framework is provided by the Director’s Policy (DP) 23 
- Energy Efficiency and Conservation – and is intended to implement a comprehensive, 
long-term departmental energy policy, interagency collaboration, and a coordinated effort 
in energy and climate policy, planning, and implementation.    
 
The Department’s overall approach to lowering fuel consumption and CO2 from 
transportation is twofold: 1) reducing congestion and improving efficiency of 
transportation systems through smart land use, operational improvements, and Intelligent 
Transportation Systems.  These are objectives of the State Strategic Growth Plan, a ten-
year mobility investment program, and 2) institutionalizing energy efficiency and GHG 
emission reduction measures and technology into planning, project development, 
operations, and maintenance of transportation facilities, fleets, buildings, and equipment.  
 
On June 1, 2005, Governor Schwarzenegger signed Executive Order (EO) S-3-05, 
establishing climate change emission reduction targets for the State.  The Climate Action 
Team (CAT) was created to coordinate the statewide effort.  Assembly Bill (AB) 32:  
California Global Warming Act of 2006 gave new weight to the State’s renewable energy 
goal by requiring the reduction of GHG emissions to 1990 levels by 2020.  The EO 
S-17-06 further directs State agencies to begin implementing AB 32 and 
recommendations in the CAT report.  The Department is a member of the CAT and 
committed to implementing transportation strategies that will help reduce fossil fueled 
energy and GHG emissions. 

The Governor has worked to forge agreements with other states, regions and nations, 
including the United Kingdom (UK); Manitoba, Canada; and the Northeast/Mid-Atlantic 
states on reducing GHG and promoting low carbon technology.  California, UK, and 
Manitoba commit to share experiences, find new solutions and take more aggressive 
action to address climate change and promote energy diversity.  The Department is 
prepared to actively support these efforts.  Coordination and collaboration between State, 
local and regional agencies; other states, the federal government, and the international 
community is essential in reducing GHG emissions and will influence California’s effort. 

For further information on the Department’s Climate Action Program, please contact 
Dr. Reza Navai, Program Manager at (916) 653-3424, reza.navai@dot.ca.gov.  
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What is Climate Change? 
 
Climate change is a shift in the “average weather” that a given region experiences.  The 
temperature on Earth is regulated by a system commonly known as the “greenhouse 
effect.”  Naturally occurring climate change pollutants, primarily water vapor, CO2, CH4 
and N2O, absorb heat radiated from the Earth’s surface.  As the atmosphere warms, it in 
turn radiates heat back to the surface to create the greenhouse effect.  The Earth’s surface 
temperature would be about 34oC(61o F) colder than it is now if it were not for the natural 
heat trapping effect of climate change pollutants like CO2, CH4, N2O, and water vapor. 
 
In addition to natural sources, human activities are exerting a major and growing 
influence on climate by changing the composition of the atmosphere and by modifying 
the land surface.  Particularly, the increased consumption of fossil fuels (wood, coal, 
gasoline, etc.) has substantially increased atmospheric levels of greenhouse gases.  The 
primary concern is to meaningfully slow the rate and the adverse impacts of climate 
change.  The concentration of CO2 in the atmosphere reached 379.1 parts per million in 
2005, more than 35 percent higher than in the late 1800’s.  Given our current path, it will 
be difficult to rein in carbon emissions enough to stabilize the atmospheric carbon 
dioxide concentration at 450 parts per million, according to scientists.  Fossil fuel 
combustion accounted for 98 percent of gross California CO2 emissions, or 360 million 
metric tons CO2 in 2002, or 7 percent of the U.S. emissions from this source. 

Impact of Climate Change 

An enhanced greenhouse effect will generate new patterns of microclimate and will have 
significant impacts on the economy, environment, and transportation infrastructure and 
operations due to increased temperatures, intensity of storms, sea level rise, and changes 
in precipitation.  Impacts may include flooding of tunnels, coastal highways, runways, 
and railways; buckling of highways and railroad tracks, submersion of dock facilities, and 
shift in agriculture to areas are now cooler.  Such prospects will have strategic security as 
well as transportation implications and require new generations of transportation facilities 
and material that satisfy concerns of climate change and demonstrate that reducing GHG 
must be a priority.   

Climate change affects public health and the environment such as increased smog and 
emissions, respiratory disease, reduction in the State’s water supply, extensive coastal 
damage, and changes in vegetation and crop patterns.  The impacts of climate change are 
broad ranging and interact with other market failures and economic dynamics, giving rise 
to many complex policy problems.  One of the latest celebrated reports relates that 
climate change could “create risks of major disruption to economic and social activity, 
later in this century and the next on the scale of the Great Depression.  If global GHG 
emissions continue rising on their current trajectory, the costs of climate change could 
eventually total 5 - 20 percent of the annual global gross domestic product (GDP), the 
report predicts.  Five percent of the annual global GDP is equal to about $7 trillion.”  The 
findings are the latest in a string of reports warning that the rate of carbon dioxide 
accumulating in the atmosphere is increasing at an alarming pace. 
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Many experts assert that the emission reduction actions taken over the next decade will 
determine whether the world can meaningfully slow the adverse impact of climate 
change.  Policies, programs, and budgets will change as California’s Climate Change 
Program starts-up and is refined.  Coordination and collaboration between State agencies, 
other states, the federal government, the private sector, and the international community 
regarding their efforts to reduce GHG emissions will also influence California’s program. 

Climate Change and Transportation 
 
Transportation accounts for over 40 percent of all anthropogenic GHG produced in 
California.  Annual net GHG from transportation are roughly equal to the product of the: 
• Number of vehicles. 
• Average number of miles traveled by each vehicles (VMT). 
• Average net emissions of GHG per vehicle mile traveled.  
 
 

Sources of California Climate Change Emissions, 2002 
Expressed in terms of CO2 equivalent 

Ag & Forestry
8.0%

Transportation 
41.2%

Others
8.4%

Electric Power 
19.6% 

Industrial 
22.8% 

  Source: Cal EPA CAT report, 2006 
 
The number of vehicles in California is increasing faster than the population as rising 
standards of living increase vehicle ownership and as global trade increases freight 
movement through California.  The annual VMT is increasing as people commute longer 
distances and make multiple trips.  Finally, average on-road fuel economy, which 
correlates with emissions per VMT, is declining, primarily due to replacement of 
traditional family cars with light-duty trucks and sport utility vehicles (SUVs) and 
increasing levels of congestion. 
 
In 2005, California drivers used an estimated 18.1 billion gallons of motor fuel at an 
estimated cost of $44 billion and traveled 330 billion miles -- a 15 percent increase since 
1990.  If current growth trends continue, gasoline use and related CO2 emissions in the 
State will increase approximately 30 percent over the next 20 years.  This increase has 
alarming economic and environmental costs, for instance, an additional $13 billion in the 

California’s total CO2   
emissions from fossil 
fuel combustion in 
2004 were 398 million 
metric tons.
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cost of fueling the transportation system alone.  Considering that over 50 percent of the 
petroleum consumed in California is imported, the near total reliance of transportation on 
petroleum exposes the State’s economy to price spikes in the national or international 
markets and outflow of capital from the State and reducing Californian’s purchasing 
power and living standard. 
 
It is notable that a conservative target of one-percent reduction in transportation energy 
consumption (or rate of consumption growth) could amount to $440 million savings 
annually, removal of 1.81 million metric tons (MMT) of GHG from the air, and 
0.5 percent reduction in overall GHG emissions.  Considering other socioeconomic, 
environmental, health and strategic security benefits associated with proposed activities, 
the benefit to the State and local communities would be extremely high. 

 
Climate Action Team 
 
Climate Action Team (CAT) was created in response to the EO (S-3-05) by the 
California Environmental Protection Agency (CalEPA) Secretary and promulgated by 
AB 32 – California Global Warming Solutions Act of 2006 - to continue coordinating 
overall climate policy to achieve the state climate change reduction targets.  The EO 
(S-17-06), signed by the Governor on October 17, 2006, further directs State agencies to 
begin implementation of the Act and recommendations put forth by the CAT.  The 
Business, Transportation, and Housing Agency (BTH), represented by the Department, is 
a member of this multi-agency committee.  The CAT has prepared a recommended list of 
strategies for the State to pursue in order to achieve climate change reduction targets.  
The work plans include implementation steps, a time frame, and estimated potential 
emission reductions and costs.   
 

Figure 1 
California’s Climate Change Emission Reduction Targets 

By 2010, Reduce Emissions to 2000 Levels* 
By 2020, Reduce Emissions to 1990 Levels** 
By 2050, Reduce Emissions to 80 percent Below 1990 Levels 
 

0  

1 0 0  

2 0 0  

3 0 0  

4 0 0  

5 0 0  

6 0 0  

7 0 0  

1 9 9 0  2 0 0 0 2 0 1 0 2 0 2 0  
Y e a r

M i l l i o n  M e t r i c  
( C O 2  E q u iv a le n t )  

A c t u a l  a n d  P r o je c t e d  

2 0 2 0  T a r g e t
2 0 1 0  T a r g e t

*     59 Million Tons Reduction, 11 percent below Business as Usual 
**   145 Million Tons Reduction, 25 percent Below Business as Usual 

Source: Cal EPA CAT Report 2006 
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Caltrans/Business, Transportation, and Housing Agency (BTH) Climate Strategies 
 

Decisions we make today on land use and other determinants of VMT, on technology and 
other determinants of emissions per VMT, and on transportation policies and other 
determinants of the nature, number and use of vehicles will determine how we achieve 
sustainable transportation.  In addition to reducing GHG emissions, sustainable 
transportation will yield other benefits:  more efficient use of transportation resources; 
reduced dependency on fossil fuels; greater energy security; improved mobility and travel 
options, and more livable communities.  The Department’s Director Policy 23:  Energy 
Efficiency and Conservation provides a framework for implementing a comprehensive, 
long-term energy policy and promotes interagency collaboration and coordinated effort in 
energy policy, planning, and implementation.   
 
Working with CalEPA and the CAT member agencies, the Department formulated two 
sets of strategies to make transportation cleaner, more energy efficient, and lower GHG 
emissions.  These strategies are primarily based on established departmental policy, the 
State Strategic Growth Plan, and planning activities and scenarios proposed at regional 
level.  Implementation of these strategies requires an adequate level of funding and a 
concerted effort and collaboration on the part of State, regional and local agencies. 
 
The Department believes the most effective approach to addressing GHG reduction, in 
the short-to-medium term, is strong technology policy and market mechanisms to 
encourage innovations.  Rapid development and availability of alternative fuels and 
vehicles, increased efficiency in new cars and trucks (light and heavy duty), and super 
clean fuels are the most direct approach to reducing GHG emissions from motor vehicles 
(emission performance standards and fuel or carbon performance standards).  The 
California Air Resources Board (ARB) is required to adopt regulations and standards that 
achieve the maximum feasible and cost-effective reduction of GHG emissions from 
motor vehicles.  The Department participates in technical evaluation and emission 
reduction testing in this process.  The State needs to mainstream its GHG reduction effort 
into its energy policies and maintain a coherent, consistent cross-agency energy and 
climate policy framework to create synergy and a coordinated State climate change 
program toward measurable outcomes.  
 
Description of Strategies 
 
Table I outlines the BTH/Department strategy to reduce GHG emission from 
transportation.  The strategy is twofold:  a) making transportation system(s) more 
efficient through operational improvements, application of Intelligent Transportation 
Systems (ITS), and smart land use thus reducing congestion and lowering the rate of 
growth in fuel consumption and CO2 from motor vehicles.  In this case, GHG emission 
reductions are being realized through the Department’s strategic growth plan and 
congestion relief program with collateral benefit for climate change, and b) cleaner, more 
energy efficient transportation systems and operations which focuses on integrating 
consideration of energy and GHG emission reduction measures into planning, project 
development, operations, and maintenance of transportation facilities, fleets, buildings, 
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and equipments.  In this case, reducing energy consumption and GHG emissions is the 
primary reason for implementing this strategy.  If fully funded and implemented, these 
strategies could result in lowering CO2 growth by 2.72 MMT in 2010 and 18.67 MMT by 
2020. 
 

Table I 
Transportation Strategies 

 
1.  More efficient transportation 
systems: 
Reduce, manage, and eliminate trips, that 
are the primary cause of congestion, GHGs, 
and air pollution through smart land use, 
ITS, demand management, value pricing, 
and market based strategies. 
1.1. Implement Smart Growth/Land Use: 

1.1.1. Regional Blueprint Planning 
1.1.2. Local Development/ Inter- 
          governmental Review  
1.1.3. Transportation Planning Grants 

 
1.2. Improve operational efficiency of the 

existing and new transportation systems 
and movement of people, goods and 
services. Relieve congestion by 
enhancing operations and improving 
travel times in high congestion travel 
corridors 

 
 
 
Based on Strategic Growth Plan, 
Transportation Infrastructure Investment 
Plan, and DP 26:  Intelligent Transportation 
Systems 
 
Estimated Savings: 
2010 – 1.04 MMT GHG 
2020 – 9.97 MMT GHG 

 
2.  Cleaner, more energy efficient 
transportation operations: 
Incorporate energy efficiency and GHG 
reduction measures into the planning, 
design, construction, operations and 
maintenance of transportation facilities, 
fleets, and buildings. 
2.1. Mainstream energy efficiency and 

GHG emissions reduction measures 
into land use and transportation 
decisions  

2.2. Implement fleet greening and fuel 
diversification 

2.3. Implement Non-Vehicular 
Conservation Measures 

2.4. Reduce cement use in concrete without 
loss in performance 

2.5. Provide education & information on 
transportation energy and climate 
change 

2.6. Improve freight transportation 
efficiency 

 
 
 
Based on DP 23:  Energy Efficiency and 
Conservation. 
 
Estimated Savings: 
2010 -1.68 MMT GHG 
2020 – 8.7 MMT GHG 
 

 
 
 
  
1. Improving Transportation System Efficiency   
 

Total Estimated Savings 
 

2010       2020 
2.72 MMT CO2     18.67 MMT CO2 
0.116 billion gallons of gasoline  1.00 billion gallons of gasoline 
6.1 million barrels of oil   54.6 million barrels of oil 
$0.28 billion retained in the economy  $2.45 billion retained in the economy 
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California is currently experiencing over 500,000 daily vehicle hours of delay (DVHD) 
due to recurrent congestion.  In the year 2025, this delay is projected to increase to 
984,000 hours per day, approximately a 100 percent increase over existing conditions.  
An additional 150,000 DVHD will occur in areas or on freeways that are currently 
uncongested.  This would mean significant increase in fuel consumption and CO2 from 
mobile sources, if we do not bring about meaningful controls on factors causing GHG.   

 
Improving performance of transportation systems and operations will have multiple 
benefits, including lowering GHG emissions.  The Department’s effort is focused on 
reducing, managing, and eliminating trips that are the primary means of congestion, 
GHGs, and air pollution through operational improvements, smart land use, ITS 
application, demand management, and market based strategies.  Figure II defines the 
planning process and the structural strategies incorporated into the strategic growth plan 
to reduce per capita vehicle travel, relieve congestion and improve travel time on 
congested corridors. 
 
 

Figure II 
                                 Strategic Planning Process 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
* CTP: California Transportation Plan.  * GoCA: GoCalifornia 10-year Mobility Implementation Plan 
* SG(Action)P: Strategic Growth Action Plan             

 
 
Figure III shows the strategic growth investment strategies and projected outcome to 
reduce congestion in California and its secondary impact on the level of CO2 produced. 
 
 
 
 
 
 
 
 

CTPCTPCTP

Bond MeasureBond MeasureBond Measure

CTP-GoCA-SGP-Bond MeasureCTPCTP--GoCAGoCA--SGPSGP--Bond MeasureBond Measure

GoCAGoCAGoCA

SG (Action)PSGSG (Action)(Action)PP

• Operational Improvements 
and Intelligent Transportation 
Systems  

• Smart Land Use/Demand 
Management 
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Figure III 

 
 
1.  Transportation System Efficiency 
The intent of this strategy is to reduce, manage, and eliminate trips, that are primary 
means of congestion, GHGs, and air pollution through smart land use, ITS, demand 
management, value pricing, and market based strategies. 
 
1.1.  Smart Growth/Land Use Strategy - Smart growth refers to development practices 
that result in more compact, accessible, multi-modal communities where travel distances 
are shorter, people have more travel options, and it is possible to walk and bicycle to 
more destinations.  Smart growth policies could reduce per capita vehicle travel 
10-30 percent.  Although these land use changes provide diverse and durable benefits, 
they take many years to be achieved and require coordination of land use and 
transportation investment policies toward measurable outcomes.   
 
The dilemma is that the transportation system management and land use planning are 
disjointed and there is disconnect between the timing and nature of these developments.  
While the State and metropolitan planning organizations have the responsibility for 
transportation planning, land use planning and zoning remains the prerogative of local 
governments and vice-versa.  Land use and transportation agencies must build a stronger 
information and policy bridge.  A more coherent and integrated land use-transportation 
approach is needed and a concerted effort among stakeholders to agree on regional 
growth scenarios that fully incorporate smart land use provisions and energy efficiency 
measures.  The means to build this critical bridge exist. 
 
1.1.1.  Regional Blueprint Planning - The California Regional Blueprint Program is a 
strategic planning process and one of the tools the Department is using to link land use, 
transportation, housing, environment, economic development, and equity by developing 
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consensus on a preferred growth scenario for each region.  This comprehensive, 
collaborative, and integrated process provides a framework for the state, local and regional 
agencies and the community to agree on long-term, land use patterns and transportation 
systems that improve mobility through smart land use measures.  The program builds on 
regional efforts such San Diego Association of Government’s (SANDAG) Regional 
Comprehensive Plan, Sacramento Area Council of Government’s (SACOG) Regional 
Blueprint, Southern California Association of Government’s (SCAG) Blueprint, Merced 
Partnership for Integrated Planning, Riverside Integrated Planning Project, among others, 
to unite traditionally competing interests behind a single growth plan with benefit for all.  
The Blueprint Program provides incentives, analytic tools, workshops, and technical 
support to foster common ground and collaboration on the most effective land use-
transportation plans and projects. 
 
The State blueprint initiative will help resolve complicated growth issues in regions and 
advance implementation of desired regional growth plans, bringing about more 
coordinated, integrated land use and transportation decisions.  If preferred growth scenarios 
are implemented a significant reduction in vehicle miles traveled and fuel consumption is 
expected with corresponding reduction in GHG.  For example, the SCAG’s land use 
strategies could produce savings up to 858,240 gallons of fuel per day by 2030.  Similarly, 
SACOG’s Blueprint plan would result in lowering 246,000 gallons of fuel each day.  
Because the Department’s Regional Blueprint Planning program promotes sustainable 
development statewide, the State would realize additional benefit on other areas while 
providing support for development and implementation of the regional growth plans within 
such framework. 
 
1.1.2.  Local Development/Intergovernmental Review (LD/IGR) - The Department, 
through its LD/IGR program works with local jurisdictions early and through their land use 
planning and decision making processes consistent with the requirements of the California 
Environmental Quality Act (CEQA) and State planning law.  The Department seeks to 
reduce vehicle trips associated with proposed new local development and recommends 
appropriate mitigation measures for dealing with the remaining transportation impact of 
such development.  The LD/IGR program is intended to ensure that local land use planning 
and development decisions include the provision of transportation choices, including 
transit, intercity rail, passenger service, air service, walking, and biking, when appropriate.  
The Department advocates community design (e.g. urban infill, mixed use, transit oriented 
development) that promotes an efficient transportation system and healthy communities.    
 
1.1.3.  Transportation Planning Grants - Currently the Department provides $9.3 million 
annually in grants to local and regional governments, community advocates, and 
universities for advancing livable communities, environmental justice, energy efficiency, 
and alternative modes of travel in transportation.  The program and projects funded through 
these grants provide awareness and support development and implementation of best 
practices in community and regional planning.  
 
1.2.  Operational Improvements and ITS - Today, nearly half of the State’s urban 
freeways are classified as “congested” – meaning they carry more traffic than they were 
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designed to handle.  This also means wasted time and fuel.  The highest levels of CO2 from 
mobile sources are associated with congested, stop-and-go speeds (0-to-25 miles) and 
speeds over 55 mph.  Operational improvements and ITS strategies are applied across the 
modes and intermodally (State highways, local streets and roads, bus and rail transit) and 
are intended to smooth out traffic flow, restore speed and improve travel time on the 
congested roadway system.  These measures along with demand management strategies 
could significantly contribute to reducing fuel consumption and CO2 from transportation.  
Market based strategies and demand pricing (i.e. State Route 91 toll lanes in Orange 
County and San Diego managed lane FasTrack on Interstate 15) are proven to be effective 
in managing demand and their application can be enhanced through joint venture and 
public-private partnerships. 
 
Two major elements of the Department’s ITS program are the State Architecture and the 
Transportation Management System (TMS) Master Plan.  The State Architecture is 
designed to provide a developmental framework and consistency between regional 
architectures and facilitate system integration and deployment of ITS technologies.  The 
TMS elements, within the framework of the State Architecture, focuses on traveler 
information, traffic control, incident management, and system monitoring and evaluation to 
maximize the productivity of the transportation system and minimize a need for system 
expansion. Analysis shows these measures could reduce the VMT and delay by 20 percent 
in congested corridors.  Table II shows metrics associated with improving transportation 
system efficiency. 
 
 

Table II – Improving Transportation System Efficiency 
 

STRATEGY PROGRAM PARTNERSHIP METHOD/PROCESS 

ESTIMATED GHG 
SAVINGS CUMM. 

 
2010 2020 

CURRENT 
RESOURCES –
Operating Expenses 
Only* 

Smart Land Use IGR  

Lead: Department       
Partner: Local 
Governments 

Review and mitigate     
development proposals 

Not 
Estimated 

 
Not 

Estimated $167,000 

 Planning Grants 

Lead: Department       
Partner: Local and 
regional agencies, 
other stakeholders. 

Competitive selection 
process 

Not 
Estimated 

Not 
Estimated $9.3 million 

  

Regional Plans 
and Blueprint 
Planning 

Lead:  Regional 
Governments              
Partner:  Department

Regional Plans: SCAG, 
Metropolitan 
Transportation 
Commission, SANDAG, 
SACOG 

0.975 
MMT 

7.8 
MMT $15 million 

Operational 
Improvements 
and ITS 
Deployment 

Strategic 
Growth Plan 

Lead: Department       
Partner: Regions 

State ITS Architecture 
Congestion Management 
Plan  

0.07 
MMT 

2.17 
MMT 

$21.9 billion over 
10-year 

TOTAL 
SAVINGS    

1.04 
MMT 

9.97 
MMT  

* Does not include person year (PY).  Current resources are inadequate to achieve stated objectives.   
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2.  Cleaner, More Energy Efficient Transportation Systems and Operations  
  
The most direct approach to improving energy efficiency of the transportation sector is to 
increase vehicle fuel economy in new cars, light and heavy-duty trucks with rapid 
development and availability of alternative fuels and infrastructure.  The State needs to 
pursue a diverse portfolio based on technology and fuel options that are achievable and 
cost-beneficial.  ARB is charged with adopting a plan and setting forth how emission 
reductions will be achieved from significant GHG sources through a combination of 
regulatory, incentive, and market-based programs.  The Department, building on existing 
effort, has taken steps to institutionalizing energy efficiency and GHG emission reduction 
measures into its planning, project development, operations, and maintenance of 
transportation facilities, fleets, buildings, and equipments.  Table III shows metrics 
associated with this strategy. 
 

Table III – Cleaner, More Energy Efficient Transportation 
 

STRATEGY 
 

PROGRAM 
 

PARTNERSHIP
 

METHOD/PROCESS
 

ESTIMATED GHG 
SAVINGS CUMM. 

    2010              2020 

CURRENT 
RESOURCES  
Operating  
Expenses Only* 
 

 
Mainstreaming 
Energy and 
GHG into plans 
and projects 

Office of Policy 
Analysis and 
Research 

Interdepartmental 
effort 

Policy establishment, 
guidelines, technical 
assistance 

Not 
Estimated 

 
Not 

Estimated  $100,000 
 
Educational and 
Information 
program 

Office of Policy 
Analysis and 
Research 

Partner: 
interdepartmental, 
CalEPA, CARB, 
CEC 

Analytic report, data 
collection, publication, 
workshops, outreach 

Not 
Estimated 

Not 
Estimated  

 
 
Fleet Greening 
and Fuel 
Diversification 

Division of 
Equipment 

Dept of General 
Service 

Fleet replacement 
 
B20 
 
B100 

0.0045MMT 
 
 

0.0065 MMT
 

0.045 MMT 
 
0.0225 MMT $40 million* 

 
Non-Vehicular 
Conservation 
Measures 

Energy 
Conservation 
Program Green Action Team

Energy Conservation 
Opportunities 

0.117 
MMT 

0.340 
MMT $200,000 

Portland 
Cement 
 
 

Office of Rigid 
Pavement 
 
 

Cement and 
Construction 
Industries 
 

  2.5% limestone cement 
  mix 
 
 25% fly ash cement mix 
           
>50% fly ash/slag mix 

1.2MMT/CA 
(0.144MMT/CT) 
 
0.36 MMT/CT 
 
Not Estimated 

4.2MMT/CA 
(0.50MMT/CT

 
3.6 MMT/CT 
 
Not Estimated  

Goods 
Movement 

Office of Goods 
Movement 

CalEPA, CARB, 
BTH, MPOs 

Goods Movement Action 
Plan Not Estimated Not Estimated  

TOTAL 
SAVINGS    1.68 MMT 8.7 MMT 

 
 
 

* Does not include person year (PY).  Current resources are inadequate to achieve stated objectives 
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2.1.  Mainstreaming GHG emissions reductions and energy efficiency into the policy 
framework governing land use and transportation – Federal and State required 
statewide transportation planning, regional transportation planning, and local government 
land use planning do not require an analysis of the impacts of land use and transportation 
decisions on fossil fuel use and GHG emissions.  This effort focuses on integrating 
energy and GHG emission concerns into transportation and land use plans, programs, 
projects, and investment decisions.  Specific measures include: 
 
• Strengthen the consideration of energy efficiency and climate change factors in the 

State Strategic Growth Plan, State and regional transportation plans, products and 
services; and the design, construction, operation, and maintenance of facilities.  
Provide incentives to transportation planning agencies that pro-actively address these 
issues, and if necessary through requirements, including provisions of the California 
Transportation Commission’s Regional Transportation Planning Guidelines. 

• Incorporate analysis of economic, security, and environmental benefits associated 
with energy efficiency measures and emission reduction strategies in the State 
Transportation Plan and subsequent Action Plan. This includes, but is not limited to 
new vehicle and fuel technology, alternative vehicle concepts, new low-carbon fuels, 
more energy efficient combustion engines, sustainable means of freight movement, 
and value pricing and market-based approaches. 

• Strengthen the consideration of energy efficiency and climate change in local 
government General Plans through provisions of the Governor’s Office of Planning and 
Research General Plan Guidelines and technical assistance to targeted local 
governments. 

• Maintain better inventories and projections of GHG emissions from transportation, 
such as, develop more detailed information on the sources and nature of GHG 
emissions from transportation; improve modeling capabilities for projecting and 
evaluating impacts of energy efficient transportation and land use options; and 
maintain interagency research partnerships, including with federal agencies, 
universities, and nonprofit research organizations to ensure enhanced and active 
research and evaluation of energy and global warming issues. 

 
2.2.  Fleet Replacement, Fleet Greening, and Fuel Diversification - The on-going 
turnover of California’s fleet of vehicles offers the opportunity to move toward cleaner 
and more efficient vehicles for the private sector and especially the public sector. The 
State can accomplish this by committing to replace vehicles at their planned retirement 
date.  Specific actions include:  
 
• Modify vehicle purchase specifications to consider life cycle cost considerations 

rather than simply the initial purchase price. 
• Include criteria for vehicle efficiency and emission levels in purchase criteria. 
• Pursue emission reductions in heavy-duty vehicles, school buses, and vehicle classes 

other than light-duty cars and trucks. 
• Promote alternative fuel infrastructure support and distribution.  
• Enhance opportunities for State government to employ cleaner technologies for travel. 
• Utilize alternative fuels such as biodiesel and ethanol blends. 
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The current level of funding in the Division of Equipment’s budget is $40 million and 
does not keep pace with the need to replace vehicles as planned.  This level of funding 
allows only for the replacement of a portion of the existing fleet that needs to be replaced; 
approximately 600 to 800 vehicles a year.  The Department currently uses over 
13 million gallons of fuel annually.  At the current rate, fuel savings of up to 5 percent 
could be achieved by 2020 or 650,000 gallons annually.  This could result in reduction of 
0.0065 MMT of CO2 by 2020.  A fleet replacement funding level of $76 million over the 
next ten years is required to replace the vehicles needing replacement.  By 2010, the 
Department could be using upwards of 3 million gallons per year of B20 biodiesel 
(B20 biodiesel has 15 percent reduction of GHG over conventional diesel fuel).  By 2020, 
it is feasible that the Department could be using B100 biodiesel (75 percent reduction of 
GHG) for nearly all of its diesel fuel and E85 ethanol could replace gasoline. 
 
2.3.  Non-Vehicular Conservation Measures - The Department’s energy conservation 
program focuses on non-vehicular energy consumption by the Department.  Facilities and 
roadway related electrical and LPG/natural gas consumption loads include: lighting; 
heating; ventilation; air conditioning; and process loads including computers, office 
equipment, elevators, testing equipment, telecommunications, and minor appliances.   
 
As a result of projects implemented since the late 1990s, the Department currently saves 
about 125,000,000 KWH per year.  If saving 4,383 KWH avoids the generation of one 
metric ton of CO2, then the annual energy savings by the Department has avoided the 
annual generation of 28,519 metric tons of CO2.   
 
Based upon the forecasted potential savings from projects currently not implemented 
(facilities upgrade program, on/off ramp illumination systems modifications, photovoltaic 
system applications at Department facilities, and other pending projects) and added to the 
existing energy infrastructure upgrades, the estimated annual electrical savings will 
approach 258,000,000 KWH.  The avoided GHG impact of that total effort should 
approach 58,864 metric tons of CO2 per year.  These projects should be in place by the 
2010 to 2020 time frame, if not sooner.  The Governor’s Green Action Team leads the 
State’s effort on conservation measures.  
 
2.4.  Portland Cement - Cement is the ingredient in concrete that binds the rock and 
sand (aggregates) together to make a hard and durable product.  Cement is made from 
melting pure limestone, adding some metals, and then letting the new mixture re-harden 
as “clinker” in a kiln. Limestone is CaCO3.  Heating limestone releases a great deal of 
CO2. Cement production in California was about 12 MMT in 2004, 12 percent of which 
was used in Department projects (1.44 MMT).  Assuming the production of one ton of 
cement generates about one ton of CO2, this level of production corresponds to 12 MMT 
of CO2.  
 
The Department goal is to reduce the amount of cement used in pavements and bridges 
by up to 50 percent, and yet have stronger, longer-lasting concrete.  Supplementary 
cementitious materials, such as fly ash, slag, silica fume, etc., are potential substitutes. 
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Consequently, CO2 levels will be lowered and waste products used instead of newly 
produced materials. 
 
The typical Department concrete mix is about 25 percent fly ash, generally with no other 
cement substitutions. This has produced 25 percent less GHG from cement production 
statewide.  The Department objective is to increase concrete mixes with up to 60 percent 
fly ash and 50 percent slag, thereby improving GHG emissions saving from the 
25 percent currently specified to 50 percent or better.  The Department received the U.S. 
EPA Award for the use of recycled ash from burned coal in concrete for the construction 
of the new Bay Bridge.  This project will use 450,000 cubic yards of concrete, and based 
on the new concrete mixed will save 0.75 MMT of CO2 in the construction process. 
 
Further reduction can be achieved by including interground limestone up to 2.5 percent 
without loss in concrete performance.  The Department has changed its specification to 
allow 2.5 percent limestone concrete mix in future cement use.  Consequently, an 
additional 0.3 MMT of CO2 will be removed from cement production in California based 
on the 2004 production level, or 1.2 MMT and 4.2 MMT by 2010 and 2020 respectively 
assuming constant level of production.  The Department is reducing its share of CO2 by 
0.036 MMT annually. 
 
The Department is also researching 100-year pavement designed to last 100 years to 
significantly reduce maintenance and congestion caused by the current rate of 
rehabilitation/ maintenance and significant savings in construction material and GHG by 
increasing the pavement life cycle.  
 
2.5.  Educating the public regarding the link between transportation and climate 
change, and related environmental, financial, economic and strategic security 
issues - The intent is to explain GHG emissions in a language that the public, the 
legislature, and policy makers can readily understand and explain immediate economic 
and strategic security benefits and costs.   
 
• Enhance outreach and public participation programs to bring a coordinated message 

of sustainable transportation and root causes of GHG emissions, as was done with 
electricity conservation during the energy crisis. 

• Produce reports, brochures, web sites, public service announcements and other 
products to increase awareness of clean transportation, energy efficiency, 
transportation-related GHG emissions, and benefits/costs of GHG reduction 
alternatives. 

• Convene educational forums for environmental and transportation stakeholders and 
reach out to local agencies, environmental advocates, industry, academic institutions, 
and elected officials to build broad and effective coalitions to address the challenges 
of climate change and clean transportation. 

2.6.  Freight Transportation – The Department is working with its partner, particularly 
CalEPA and ARB to accelerate improvement in California’s freight sector through better 
freight transport management, efficiency gains (shorter routes, better loading, etc.), 
reduced truck idling (fuel cell auxiliary systems, overnight idling, electrification of truck 
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parking), technology improvements, and alternative fueled heavy-duty vehicles.  The 
Department supports implementation of short-, intermediate-, and long-term actions 
recommended in the Governor’s Goods Movement Action Plan which is expected to have 
a positive impact on the level of CO2 generated by movements of goods in the State.  

Economic Impact – California’s transportation future and its energy future are closely 
linked.  This linkage is deepened by the near total reliance of transportation on petroleum 
and that over 50 percent of the petroleum consumed in California is imported with 
alarming economic and environmental costs.  This interdependence exposes the cost of 
transportation to price spikes in the national or international markets, the outflow of 
capital from the State, and reduces the State’s economic competitiveness and California’s 
purchasing power and living standard. 
 
The health of California’s economy depends upon both safe and efficient movement of 
people and goods and affordable, adequate, and environmentally sound supply of energy.  
It is clear that diversifying transportation energy infrastructure and reducing fossil fuel 
consumption would significantly benefit California’s economy and the environment.   
 
The programs and strategies outlined in this report support both objectives and help 
reduce GHG emissions.  By the year 2020, the GHG emission savings could reach 
18.67 MMT if these strategies are fully implemented.  The avoided social cost on the 
environment ($ damage per ton) could amount to about $1 billion (assuming a social cost 
of $50 per ton - estimates vary from $25 - $180 per ton).  This level of GHG savings also 
means reducing fuel consumption by 1.00 billion gallons of gasoline or 54.6 million 
barrels of oil annually, consequently retaining $2.45 billion (at $2.45 per gallon) in the 
California economy and reducing the State balance of payment by $2.3 billion given the 
current level and price of imported oil.  The savings will in turn improve gross personal 
annual income for the users of the transportation system by an estimated $222.00 (not 
including travel time efficiency gains or maintenance cost).  Considering that the cost of 
transportation is the second highest for households after housing, this gain is significant 
and will enhance consumers’ disposable income. 
 
Limiting GHG will require changes in behavior and investments in technology and could 
impose costs as well.  Effectively understanding the potential costs and benefits of 
mitigating measures allows policy makers to achieve the greatest emissions abatement for 
the resources expended.  However, many of the transportation efficiency measures are 
inherently beneficial and cost-effective.  The macroeconomic and microeconomic 
impacts associated both with transportation system improvements and energy efficiency 
measures discussed in this report on the California economy are expected to be positive.  
Because climate change emissions originate from diverse sources, emission savings from 
transportation will provide the CAT and ARB more flexibility in adopting policies, 
standards, and market-based programs to achieve greenhouse gas emission reduction 
targets. 

The United Kingdom - Manitoba, Canada - California Agreements – California has 
signed Memorandums of Understanding with the UK and Manitoba, Canada, committing 
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to build upon current efforts, share experiences, find new solutions, and work to educate 
the public on the need for aggressive action to address climate change and promote 
energy diversity.  The Governor has also entered into agreement with other states, 
including New York to explore ways to link California’s future GHG emission credit 
market and the Northeast and Mid-Atlantic states’ Regional Greenhouse Gas Initiative 
(RGGI) upcoming market.  The Department is prepared to fully support these efforts 
through the work of the CAT. 

Management Steering Committee and Technical Working Group – The Management 
Steering Committee will oversee the Department’s Climate Action Program.  The 
committee is chaired by the Chief Deputy Director and consists of the Deputy Director 
for Planning and Modal Programs, the Deputy Director for Project Delivery, and the 
Deputy Director for Maintenance and Operations.  The climate action technical working 
group consists of senior and supervisory staff from Transportation Planning, Resource 
Conservation, Traffic Operations, Environmental Analysis, Engineering Services, and 
Equipment programs. 

Conclusions – The Department and the BTH are committed to a clean and energy 
efficient transportation.  Efforts to reduce fossil fuel dependency will have significant 
environmental, economic, and strategic security benefits.  Cleaner vehicles and a more 
energy efficient infrastructure should be pursued over the next few decades as part of 
California’s strategy to meet the growing transportation demands in the most optimal way 
possible.  Transportation and energy efficiency objectives must be fully integrated.  The 
programs and strategies analyzed in this report have the potential to contribute 
significantly to GHG reduction targets established by the Governor in June 2005.  The 
GHG emission savings could reach 18.67 MMT by the year 2020.  Implementation of 
these strategies requires an adequate level of funding beyond those currently programmed 
and a concerted effort and collaboration on the part of the State, regional and local 
agencies. 
 
The Department has taken tangible steps and will continue to explore feasible, 
cost-effective measures for further reduction of greenhouse gas emissions from 
transportation.  The Department will work closely with the CAT, CalEPA, ARB, and 
California Energy Commission and other stakeholders to ensure an effective cross-
agency policy framework to maintain California as a leader in protecting the environment 
and in the fight against climate change.   

Program Management and Contact – The Office of Policy Analysis and Research in 
the Division of Transportation Planning is responsible for managing the Climate Action 
Program and provides technical analysis, policy evaluation, and coordination of the 
climate change effort at the California Department of Transportation.  For further 
information, contact Dr. Reza Navai, Chief, Office of Policy Analysis and Research and 
Climate Action Program Manager, at (916) 653-3424, reza.navai@dot.ca.gov. 
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Green Buildings Initiative  
1. Strategy: Green Buildings Initiative  
2. Agency: State and Consumer Services  
Lead Staff Contact: Roy McBrayer 

3. Strategy Description 
Governor Schwarzenegger’s Green Building Executive Order S-20-04 sets an ambitious 
goal of reducing energy use in public and private buildings 20% by the year 2015, as 
compared with 2003 levels. The Executive Order and related Green Building Action 
Plan spell out specific actions state agencies are to take with state owned and leased 
buildings, and actions that the State is to take to encourage entities not under direct 
executive authority of the Governor to achieve this target. These actions comprise a 
comprehensive effort to encourage commercial buildings to be designed, built, operated 
and maintained in the most energy and resource efficient manner. Objectives include 
meeting the State’s energy needs, conserving natural resources, reducing climate 
change impacts, creating safer and healthier environments, and boosting California’s 
economy.   

Overview 
 
Commercial buildings use approximately 36 percent of California’s electricity and 
account for a large percentage of greenhouse gas emissions arising from the 
generation of electricity, the production of raw materials used in construction, the use of 
environmentally unfriendly materials, and the use and waste of consumables. 
 
The primary emission sources being addressed by this strategy include the (1) 
consumption of fossil fuels in the generation of electricity, the (2) use of ozone depleting 
chemicals and volatile organic compounds in building materials and systems, and the 
(3) production of green house gasses from the waste generated by buildings.  
 
Affected Entities 
 
Entities affected by this strategy include: (1) State agencies under the direct executive 
authority of the Governor, (2) The California Public Utilities Commission (CPUC), (3) 
The California Public Employees Retirement System and State Teachers Retirement 
System, (4) The University of California, California State University, California 
Community Colleges, (5) Public Schools, (6) Constitutional officers, legislative and 
judicial branches, and (7) Commercial building owners and occupants. 
 
Related Objectives 
 
This strategy is motivated by multiple benefits. These benefits include (1) the 
achievement of energy security for the State of California, (2) the reduction of 
greenhouse gas emissions; (3the) reduction in raw materials and natural resource use; 
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(4) the reduction in waste; (5) improved health, comfort and productivity; (6) reductions 
in facility operation costs; and (7) economic stimulation. 
 
The mandates that require this strategy are summarized in the California Energy Action 
Plan II (EAP). The EAP focuses on the most cost-effective and environmentally friendly 
resources to meet the State’s growing energy needs and achieve desired climate 
change impacts. This plan describes a coordinated implementation strategy articulated 
through the Governor’s Executive Orders, instructions to agencies, public positions, 
appointee statements, the CEC Integrated Energy Policy Report, CPUC and CEC 
processes, agency policy forums, and legislative direction.  
 
The Energy Action Plan also describes the priority sequence of actions to address the 
State’s energy needs and climate change objectives, and sets out a “loading order” of 
these priorities. The first action in the loading order is energy efficiency. Energy 
efficiency is described in the EAP as the least cost, most reliable, and most 
environmentally-sensitive energy resource, and the least costly strategy for minimizing 
climate change impacts.  
 
Strategy Metrics 
 
Green Buildings: This metric includes the number of buildings that are built to the 
Leadership in Energy and Environmental Design (LEED) Silver standard, and the 
number of existing buildings that achieve LEED certification through improved 
infrastructure, operations and maintenance.  
 
Energy Efficiency: This metric includes the number of Kilowatt Hours of energy savings 
in existing buildings arising from the completion of commissioning projects (Retro-
commissioning), the implementation of energy efficiency retrofits to existing building 
systems, and the implementation of improved maintenance, operations and occupant 
practices that save energy. This metric could overlap somewhat with the Green 
Buildings metric and appropriate adjustments should be made to avoid double counting 
benefits. 
 
Environmentally Preferable Purchases: This metric includes the impacts from the 
purchase of environmentally preferable products that reduce energy use and 
environmental impacts. 
 
The single metric that is the most comprehensive in describing progress toward this 
strategy is energy efficiency. 
 
Strategy Goals and Implementation Approaches: 
 

• LEED – for new construction: This goal is to ensure that all new construction of 
commercial buildings over 10,000 square feet in size is to LEED – Silver 
standards or higher. Buildings less than 10,000 square feet in size should use 
the same design standard, but certification is not required. This goal is a 
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mandate for State buildings and all other entities are encouraged to do the same. 
• LEED – for existing buildings: This goal is to achieve LEED Certification for 

existing buildings over 10,000 square feet by 2015. Buildings less than 10,000 
square feet in size should meet the same standard, but certification is not 
required. This goal is also a mandate for State buildings.  

• Energy Efficiency: This goal is to reduce the volume of energy purchased from 
the grid at least 20% by 2015. This goal is a mandate for State buildings. 

• Leased Facilities: This goal is to ensure all leased buildings over 5,000 square 
feet meet a minimum US EPA Energy Star rating of 75 by 2015.  

• Incentive Programs: This goal is for the California Public Utilities Commission to 
support a campaign to inform building owners and operators about the benefits of 
energy efficiency, and to improve commercial building efficiency programs to 
help achieve the 20% goal.  

• Regulatory Action: This goal is for the California Energy Commission to 
undertake all actions within its authority to improve non-residential building 
standards and ensure compliance with those standards. 

• Investment Incentives: This goal is for the California Public Employees 
Retirement System and the State Teachers Retirement System to target 
resource efficient buildings for real estate investments, and to commit clean 
technology funds to advance sustainable and efficiency technologies.  

• Schools: This goal is to adopt guidelines to enable and encourage schools built 
with State funds to be resource and energy efficient.  

• Energy Efficient and Environmentally Preferable Purchasing: This goal is to 
encourage the purchase and operation of Energy Star electrical equipment and 
environmentally preferable products.  

 
4. Technology 
The Green Buildings strategy relies on a broad range of technologies including 
improved building design and operation, as well as advanced metering technologies, 
advanced clean on-site generation technologies and advanced technologies for the 
manufacture of environmentally preferable products. These technologies all reduce 
greenhouse gas emissions by reducing the generation of electricity that produces 
greenhouse gasses, the production of greenhouse gasses in building operations 
(boilers, etc.) and by reducing the emission of greenhouse gasses from manufacturing 
processes. They also indirectly reduce the emission of green house gasses from the 
harvesting of natural resources, the processing of raw materials for construction, and 
the generation of landfill waste.  
 
5. Statutory Stratus 
The Green Buildings strategy may require legislative action to further encourage the 
production and use of clean power generation, both at the electrical utility level and in 
distributed generation. Specifically, it may be necessary to legislatively require the 
inclusion of the external value of carbon emissions when evaluating the cost 
effectiveness of distributed generation projects. 
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It also may be necessary to provide tax incentives to encourage commercial building 
owners to incorporate energy efficiency measures in their buildings, particularly for 
leased buildings.   
 
6. Implementation Steps and Timeline 
State Buildings: The implementation steps and timeline for State-owned buildings are 
identified in action plans for the various activities of the Energy Efficiency and Green 
Buildings Committees of the Green Action Team. These include for existing buildings, 
the completion of benchmarking and retro-commissioning of State owned buildings, the 
implementation of energy efficiency projects, and the attainment of LEED certification. 
For new buildings, they include the development and enforcement of improved building 
standards and the budgeting and construction of LEED-NC Silver certified buildings. For 
environmentally preferable products, they include the development and implementation 
of specifications, standards and contracts. All of these actions are ongoing with specific 
schedules and milestones for individual projects.  

Commercial Buildings in general: The implementation steps and timelines for all 
commercial buildings are described in a number of sources including, but not limited to: 
the proceedings of the California Utilities Commission, the California Energy 
Commission, and the California Buildings Standards Commission, the Energy Action 
Plan II, proceedings of the Green Action Team and its Real Estate Industry Leadership 
Council, and in initiatives undertaken by the California Public Employees Retirement 
System and State Teachers Retirement System. 
 
Oversight and direction of progress toward Green Building Initiative goals is provided by 
the Green Action Team, an interagency team with membership from the CPUC and real 
estate industry. The Green Action Team is chaired by the Secretary of the State and 
Consumer Services Agency.  

7. Greenhouse Gas Emission Reductions 
The greenhouse gas emission reductions expected from this strategy are estimated 
from the energy efficiency goals identified for the 2004-2013 timeframe by the CPUC, 
including: 

• 26,506 GWh/year 
• 5,000 MW off-peak generation 
• 444 million therms/year 

 
Actual reductions expected for each goal identified in the Green Building Initiative must 
be calculated and will require more specific identification of conversion factors for each 
technology employed by the strategy. 
 
Based on the expected performance of State buildings within the overall program, the 
following reductions are estimated: 
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• 4,480 GWh in 2020 
• 75 Million Therms in 2020 

 
The GHG emission reductions associated with this reduced energy use are calculated 
using a common set of emission factors for fossil fuel generated electricity and natural 
gas applied to all strategies. 
 
8. Costs and Savings 
The modeling of costs and benefits specific to the energy sector is underway and 
expected to be completed over the next two years. Specific details about this can be 
found in CPUC ruling R.06-04-009.  
 
Expected benefits for commercial buildings from the implementation of Green Building 
Initiative goals were estimated in technical documentation for the Green Building 
Executive Order to be at least $1.18 per square foot over 20 years for energy-related 
emissions alone.  For purposes of modeling the impacts of this strategy, the lifecycle 
costs are assumed to equal the value of the energy saved.  This assumption is 
conservative, in that the benefits are expected to exceed costs, particularly considering 
the reduced costs of construction and maintenance that are anticipated. 
 
9. Other Benefits 
Reduced consumption of electricity and natural gas will reduce emissions of criteria 
pollutants, including ROGs, NOx, and PM.  These emission reductions are estimated 
across all the strategies using a common set of emission factors applied to the avoided 
fossil energy consumption. 
 
10. References 

1. Green Building Task Force, Back-Up Technical Document – Rationale, Specific 
Actions, and Timeline, September 2004. 

2. Executive Order S-20-04, dated December 14, 2004, and the Green Building 
Action Plan, found at http://www.green.ca.gov. 

3. California Public Utilities Commission and the California Energy Commission, 
Energy Action Plan II, Implementation Roadmap for Energy Policies, October 
2005. 

4. Presentation by Julie Fitch, CPUC Director of Strategic Planning, Climate 
Change and Energy Efficiency in California, Joint West Coast Public Utility 
Commissions 2006 Energy Efficiency Workshop, December 1, 2006.  
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy: IOU Renewable Portfolio Standard – 33% by 2020 

2. Agency:  CPUC 
Valerie Beck, Paul Douglas, Energy Division 

3. Strategy Description 
Overview 
In 2002, the legislature passed the California Renewables Portfolio Standard (RPS) Program 
(SB 1078) obligating load-serving entities (LSEs) to procure 20% of their retail sales from 
renewable sources by 2017. That deadline was accelerated in 2006 through SB107 to reach 
20% by 2010. Governor Schwarzenegger has also expressed a goal to increase the 
procurement to 33% of total retail sales by 2020 as part of his overall environmental goals. The 
joint CPUC/CEC September 2005 Energy Action Plan II (EAP II) adopted the 33% goal, and 
commenced a review of the legal, regulatory, and infrastructure changes necessary to achieve 
the Governor’s goals.  
 
In November, 2005, the Center for Resource Solutions prepared a preliminary report for the 
CPUC entitled “Achieving a 33% Renewable Energy Target,” which concludes that the 33% 
target by 2020 is achievable and discusses the major hurdles and necessary implementation 
steps. In the 2007 Long Term Procurement Plan Proceeding, utilities were asked to address 
how they would achieve a 33% renewables mix if required. The CPUC is currently considering 
opening a proceeding to implement the 33% goal. 
 

Affected Entities 
As with the 20% RPS, a 33% goal will affect all electricity generators in the state of California, 
as the entities to which they sell their power are all required to meet RPS requirements and new 
procurement strategies. Renewable generators are likely to experience increased business, 
while generators of more traditional fuel sources could experience a decline in contracts.  
Electricity customers across the state could be affected, as their rates could either increase or 
decrease depending on the costs of the new resources.  

There are a host of related industries that might experience increased business due to the need 
for the development of additional renewable resources and the transmission lines to deliver 
those resources to the grid such as project developers and the financial and investor 
community, including venture capital funds. In addition, the new legislation (SB 107) permits the 
CPUC to consider allowing Renewable Energy Credits (RECs) for compliance with the 20% by 
2010 program. Should the CPUC pursue this compliance path, it is likely that a new system for 
REC trading would need to be set up and implemented, which would affect the industry 
providers as well.  

Related jobs in local economies are also anticipated to increase, as are research and 
development activities for the development of new sources of renewable energy.  
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Related Objectives 
The 20% by 2010 RPS strategy was implemented to achieve objectives other than the reduction 
of greenhouse gas emissions.   

Like the 20% by 2010 goal, the 33% by 2020 strategy would likely be motivated primarily by 
non-greenhouse gas benefits.  The current RPS program is being implemented for a variety of 
energy and environmental reasons, and is not driven solely (or even primarily) by the desire to 
reduce greenhouse gas emissions.  Rather, RPS has been seen by the CPUC and the 
Legislature as a way to increase the diversity and reliability of California’s energy mix, promote 
stable electricity prices, protect public health, improve environmental quality, stimulate 
sustainable economic development, create new employment opportunities, and reduce reliance 
on imported fuels. 
 

Strategy Metrics 
Renewable Portfolio Standard:  the primary metric for this program is the percent of renewables 
in the procurement mix as compared to the overall bundled retail sales of energy. Under current 
CPUC rules for 20% by 2010, each LSE must report twice annually on its progress towards its 
Annual Procurement Target (APT). An LSE will be penalized for not meeting its APT except 
under certain circumstances, such as insufficient supply or inadequate public goods funds 
allocated to the Supplemental Energy Fund (SEP). Should the 33% by 2020 strategy be 
adopted by the CPUC or mandated by the Legislature, it is likely that similar procedures would 
be put in place to monitor the progress of the utilities towards their goals.  
 

Strategy Goals and Implementation Approaches 
 

• Mandate Performance:  Currently, there is no formal mechanism in place to require the 
utilities to procure 33% renewable mix by 2020. However, in its Long Term Procurement 
Plan proceeding, the CPUC did require the IOUs to submit plans on how they would achieve 
a 33% mix by 2020.  

• The current 20% RPS program is implemented collaboratively between the CPUC and the 
California Energy Commission (CEC). It is likely that the division of labor would remain the 
same, leaving the CPUC responsible for annual procurement targets, contract approvals, 
baselines, and monitoring compliance as well as imposing penalties for non-compliance. 
The CEC would continue to be responsible for establishing which energy types and facilities 
are RPS eligible, verifying compliance with the program, and disbursing payments from the 
Supplemental Energy Fund (SEP).   

 

4. Technology 
The IOUs are currently relying on existing technologies to support their RPS procurement goals. 
All rely heavily on wind, solar thermal and geothermal, and to a lesser degree on biomass, 
biogas, and small hydro. However, in order to achieve a 33% goal, it is anticipated that new 
technologies and resources would need to be developed. Currently new technologies such as 
wave technology and utility-scale photovoltaic installations are also being investigated for future 
deployment.  
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Achievement of the 33% goal would also require that additional transmission be developed to 
deliver the new sources of energy to the grid because there are geographic pockets of 
renewable resources in California that are located away from the current transmission grid.  

5. Statutory Status 
Currently, the 33% by 2020 goal is not statutorily allowed to be mandated as the Renewable 
Portfolio Standard is capped at 20%.  33% is a goal, rather than a requirement, stated by the 
Governor and adopted by the CPUC and CEC in their Energy Action Plan II, which calls for 
renewables to be the preferred new resource for any demand that can not be met through 
energy efficiency efforts.  

6. Implementation Steps and Timeline 
Through its Long Term Procurement Plan proceeding, the CPUC is reviewing the IOUs’ 
submissions related to a 33% by 2020 renewable goal.  The CPUC is also recruiting and 
staffing a RPS resource planning group to evaluate and operationalize the 33% goal.  While 
maintaining a strong focus on the immediate goal of 20% by 2010, the CPUC is beginning to 
consider the program elements, transmission planning and technological development that 
might be necessary to reach 33% renewable by 2020. 

The California legislature is currently reviewing AB94 (Levine) that would statutorily require that 
33% of total retail sales be renewable energy.  

7. Greenhouse Gas Emission Reductions 
Emission reductions are based on the total kWh of renewable energy sold by the IOUs.  While 
wind and solar have no direct emissions associated with their production, other types of 
renewable energy such as biomass do have some emissions ranging from 1-100 pounds of 
CO2 per MWh.  The GHG emission impacts of this strategy are taken from Center for Resource 
Solutions report listed previously.  The emissions estimate was adjusted to reflect the revised 
impact associated with avoiding fossil fuel electricity production in 2020 that is applied across all 
strategies in this analysis. 

8. Costs and Cost Savings 
Currently, there is no cost data for this program. However, the Center for Resource Solutions 
report projected that using the best information at the time, the 33% goals would “result in a 
small negative ratepayer impact in the first decade (2011-2020).” However, they also stated that 
“this is more than offset by longer term ratepayer benefits over ten years in the 2021 to 2030 
timeframe.”  

9. Other Benefits 
To ensure that the emissions reductions of criteria pollutants, including VOCs, NOx, SOx, and 
PM are estimated consistently across the strategies, a common set of emission factors is used 
to estimate changes in these emissions from changes in electricity, natural gas, and liquid fuel 
consumption.   
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Investor-Owned Utility California Solar Initiative Program 

2. Agency:  CPUC 

Jeanne Clinton, Executive Division 

Valerie Beck, Polly Shaw, Energy Division 

3. Strategy Description 
Overview 

In 2005, Governor Arnold Schwarzenegger’s Executive Order for the Million Solar Roofs 
Initiative directed the CPUC and the CEC to implement programs to achieve the goal of 3,000 
megawatts of new, solar-produced electricity by 2016 - moving the state toward a cleaner 
energy future and helping lower the cost of solar systems for consumers. In January 2006, the 
PUC earmarked funding for a California Solar Initiative (CSI) program, which would provide $2.5 
billion in incentives over the next decade for existing residential homes and existing and new 
commercial, industrial, and agricultural properties. On March 2, 2006, the CPUC opened a 
dedicated proceeding to develop rules and procedures for the California Solar Initiative and to 
continue consideration of policies for the development of cost-effective, clean and reliable 
distributed generation (DG). On August 21, 2006, the Governor signed Senate Bill 1 (SB1) into 
law.  SB1 directs the CPUC and the Energy Commission to implement the CSI program 
consistent with specific requirements and budget limits set forth in the legislation.  

The PUC proceeding will reconcile any previous CPUC actions and decisions with SB1. There 
are also several program elements which remain to be finalized which will be addressed in 
future workshops and rulemakings.  
 
The PUC’s CSI program represents a significant shift in the way the state's renewable energy 
incentives and rebates will be managed. While the program continues to support the solar 
market with price incentives, it also encourages the market to focus on system performance and 
maximize the number of solar kWh’s produced. Beginning in January, 2007, the PUC is offering 
incentives based on the overall performance of the system, thereby rewarding both the selection 
of high quality solar systems as well as their proper installation. The overall goal is to help build 
a self-sustaining solar market by raising the current photovoltaic installation rate from 
approximately 30 MW per year by a factor of ten. 
 
 

Affected Entities 
 

The CSI program provides direct incentives to electricity customers. Eligible customers include 
existing residential, and new and existing commercial, industrial, agricultural, non-profit, and 
government properties. The solar manufacturer and installer community will indirectly benefit 
from the incentives as product sales are anticipated to increase.  Similarly, the financial industry 
will likely experience an increase in loan activity to cover the portion of the systems not paid for 
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by the incentives. Since this program is focused on performance, cross-marketing activities will 
be developed for energy efficiency requirements for homes and businesses that are looking to 
qualify for incentives, such as new building performance services integrating efficiency 
practitioners, solar contractors, and roofing business services. Therefore, manufacturers and 
retailers of energy efficiency-improving appliances and other practices will likely be positively 
affected by this program as well.  Other new service markets may arise to meet performance 
expectations, such as maintenance contractors or delivery channel innovations. 
 

Related Objectives 

The strategy is motivated by multiple benefits.  This strategy is primarily motivated by the 
desire to develop a self-sustaining solar industry. Solar power is recognized as having many 
benefits to California.  

• Make use of naturally occurring secure, indigenous, and sustainable natural resources. 
• Improve air quality.  
• Create jobs for California and American workers. 
• Establish California, and the United States, as a world leader and exporter of renewable 

power technologies. 
• Promote energy independence.  
• Reduce greenhouse gas emissions - a leading contributor to global climate change. 

The CSI is consistent with California & CPUC policies for meeting on-peak electricity demand 
reliably, renewable energy goals (RPS), distributed generation to help grid congestion, and 
greenhouse gas reduction goals.  Electric ratepayers expect that investment in solar DG will 
result in a long-term, cost-effective resource with renewable, on-peak, and distributed 
characteristics. 

 

Strategy Metrics 
The CSI measures success utilizing the following metrics: 

• MWs of solar installed: the goal for the CPUC’s portion of the program is 1940 MW by 2016. 
The California Energy Commission’s portion of the program is expected to deliver 400 MW, 
with the balance of the statewide goal coming from programs sponsored by publicly-owned 
utilities. 

• Funds Disbursed:  The CSI program will disperse funds through performance-based 
incentives totaling $1.7 billion by 2016.  The amounts of the incentive will be reduced as 
more systems are installed and costs of production decrease – rather than forcing a goal for 
each year of the program, the incentives will follow the actual market evolution.  

• A range of other measurement and evaluation criteria that will be determined in 2007. 

 

Strategy Goals and Implementation Approaches 
The CSI program is a comprehensive performance-based incentive program.  

• Incentive Programs:  Past incentive programs have provided an upfront, capacity-based 
payment for a new system. Starting in January, 2007, however, the CSI incentive system 
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moves to a declining performance-based ratepayer subsidy. In its August 24, 2006 decision, 
the CPUC shifted the program from volume-based to performance-based incentives and 
clarified many elements of the program's design and administration. The program provides 
two types of incentive programs in order to achieve its goals of: predictable incentives, a 
market-driven pace of incentive decline, recognition of the financial break-even needs of 
different market segments, and higher incentive for non-taxable entities to make up for lack 
of federal tax incentives. In addition, beginning in 2008, applicants must undergo an energy 
efficiency audit and employ specific energy efficiency measures (developed in conjunction 
with the CEC), be on a time-variant tariff, and demonstrate warranty and system 
permanence requirements. 

Phase 1 Incentive Structures (Jan 2007-2010): 

 PBI: incentives for all solar energy systems greater than 100 kilowatts in size will 
be paid monthly for a period of five years based upon the actual energy produced 
during this period. This incentive is called a Performance Based Incentive, or 
PBI.   

 EPBB: Incentives for all systems less than 100 kilowatts will initially be paid a 
one-time, up-front incentive based upon expected system performance. 
Expected performance will be calculated using equipment ratings and installation 
factors, such as geographic location, tilt, and shading. This incentive structure is 
called Expected Performance-Based Buydown, or EPBB.  

Phase 2 Incentive Structure (beginning in 2010): 

 Incentives for all systems greater than 30 kilowatts in size will be paid based on 
actual energy produced (using PBI). 

 Systems smaller than 30 kWs will receive one-time payments using the EPBB 
calculation. 

The August 24, 2006 decision also set incentive levels starting in 2007, factoring in the 
impact of federal tax incentives, and defined a schedule for incentive reductions over the 
10 years of the CSI:  

 Residential and commercial customers will receive incentives of $2.50 per watt 
and will be eligible for additional federal tax credits.  

 Government and non-profit organizations will receive $3.25 per watt to 
compensate for their lack of access to the federal tax credit as non-taxable 
entities.  

 Incentives will automatically decrease in 10 steps based on the quantity of solar 
energy systems installed over the course of the next ten years.  

Future Program Elements 
 
Other facets of the program that are currently under development will include a 
measurement & evaluation plan; solar incentive strategy for low-income customers; 
incentives for non-photovoltaic technologies; targeted expansion of research and 
development to demonstration & deployment; and a solar hot water heating pilot in San 
Diego. 
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• Information Programs: The CPUC and CEC have jointly developed a website to promote 
and facilitate applications for the solar incentives, www.GoSolarCalifornia.ca.gov.  Three 
administrators will manage the CPUC CSI incentives (PG&E, SCE, and San Diego Regional 
Energy Office).  Their responsibilities will be to assist consumers in applying for the 
incentives. Furthermore, they will work with designated agents for a wide-ranging marketing 
and outreach plan (forthcoming) that will promote awareness to consumers and help 
mitigate key barriers. 

4. Technology 
The CSI program will apply to all solar technologies, photovoltaic and non-photovoltaic, 
including solar thermal where it displaces electricity consumption. This program not only 
focuses on the technology, but also on the performance of the technology. Therefore, how and 
where the technology is installed will also be considered. As part of the program, all solar 
installations will include meters that will monitor the performance of the systems. The program 
creates an incentive for owners, installers, and utilities to ensure the technology is employed 
most effectively since payments will be made based on the metered system performance. 

A portion of the budget (approximately $50 million) is set aside to assist in the demonstration 
and deployment of new technologies. The program details have not yet been worked out, but 
are expected to be determined in 2007.  

5. Statutory Status 

On March 2, 2006, the CPUC opened a proceeding to develop rules and procedures for the 
California Solar Initiative and to continue consideration of policies for the development of cost-
effective, clean and reliable distributed generation (DG). On August 21, 2006, the Governor 
signed Senate Bill 1 (SB1), which directs the CPUC and the Energy Commission to implement 
the CSI program consistent with specific requirements and budget limits set forth in the 
legislation. The existing PUC has rulemaking will reconcile its decisions with SB1, and will 
include public workshops to assist in designing program elements.  

Future rulemakings clarifying different elements of the program are expected to be proposed 
during the first half of 2007.  Some specific areas to be addressed include: development of a 
CSI handbook for customers and implementers, which will outline how the overall program is 
administered and evaluated; information for low-income housing participants; related energy 
efficiency programs and requirements; new solar technology opportunities; and related 
information on advanced metering programs and technologies 

6. Implementation Steps and Timeline 
The incentive program will be managed regionally by the existing self-generation program 
administrators – Pacific Gas & Electric, Southern California Edison,  and the San Diego 
Regional Energy Office. The administrators will develop an online application to help simplify the 
process. Several rulings will be coming out over the course of the next year to provide guidance 
on the implementation of various aspects of the program.  

7. Greenhouse Gas Emission Reductions 
GHG emission reductions are estimated based on the MW of installed solar through the CSI 
program (2007-2017) and expected MWh produced by the installed solar systems.  The 
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emissions avoided by displacing fossil electric power generation are estimated using emission 
factors that are applied to all the strategies in this analysis. 

Additional emission reductions are anticipated through ancillary arms of the program that are 
currently under program development and have not yet had specific installation targets 
established including: low income solar, research and development projects, and a solar hot 
water pilot program.  

Additional emission reductions will likely be achieved through linkage with energy efficiency 
requirements that will be tied to the CSI incentives program. The details of this program have 
not yet been worked out, and it is likely that these emissions reductions will be associated with 
the IOU energy efficiency programs, not with the CSI program. Consequently, these potential 
additional emission reductions are not included at this time. 

8. Costs and Cost Savings 
The following are the costs associated with the CSI program:  

These costs are estimates based on the best available information by the utilities:  

 Total incentives costs that will be paid to program participants by 2016: $1.8 billion 

 Total administrative costs by 2016: $400 million  

 Cost to install the system that is borne by the system owner 

 Cost of installing and monitoring the meter, or the interconnection costs borne by the 
utilities.  

The cost estimates are based on the following table of MW installed, cost per MW and incentive 
per Watt. 

Year MW Installed Cost/Watt Incentive/Watt
2007 50 $9.00 $2.80 
2008 70 $8.46 $2.50 
2009 100 $7.95 $2.20 
2010 130 $7.47 $1.90 
2011 160 $7.02 $1.55 
2012 190 $6.60 $1.10 
2013 215 $6.20 $0.65 
2014 250 $5.83 $0.35 
2015 285 $5.48 $0.25 
2016 350 $5.15 $0.20 

 

9. Other Benefits 
The emissions reductions of criteria pollutants, including ROGs, NOx, and PM are estimated 
across all the strategies using a common set of emission factors applied to the avoided fossil 
generated electricity. 
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Detailed Strategy Goals Table 
Strategy:   IOU California Solar Initiative 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Primary Metric: 
Solar Capacity Installed

(MW) 

Secondary Metric 
Incentives Paid 

(Million $) 
2005   
2006   
2007 50 $140 
2008 70 $175 
2009 100 $220 
2010 130 $247 
2011 160 $248 
2012 190 $209 
2013 215 $140 
2014 250 $88 
2015 285 $71 
2016 350 $70 
2017   
2018   
2019   
2020   
Total 1,800 $1,608 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   IOU California Solar Initiative  
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 30.] 
 

Year 

Energy Impacts 
Solar Electric 

Generation 
(MWh) 

2005  
2006  
2007 87,600 
2008 209,364 
2009 382,470 
2010 606,406 
2011 880,662 
2012 1,204,735 
2013 1,569,368 
2014 1,991,674 
2015 2,471,077 
2016 3,059,566 
2017 3,028,971 
2018 2,998,681 
2019 2,968,694 
2020 2,939,007 
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Detailed Cost Table 
Strategy:   IOU California Solar Initiative  
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Total Installation 
Costs 

(Million $) 

Customer 
Incentives 
(Million $) 

Maintenance 
Costs 

(Million $) 

Utility Program 
Costs 

(Million $) 
2005     
2006     
2007 $0 $0 $0 $0 
2008 $450 $140 $0 $31 
2009 $592 $175 $0 $36 
2010 $795 $220 $0 $41 
2011 $971 $247 $0 $44 
2012 $1,123 $248 $0 $45 
2013 $1,254 $209 $0 $40 
2014 $1,333 $140 $0 $41 
2015 $1,458 $88 $0 $40 
2016 $1,562 $71 $0 $45 
2017 $1,803 $70 $0 $44 
2018 $0 $0 $39 $0 
2019 $0 $0 $54 $0 
2020 $0 $0 $77 $0 
Total $11,340 $1,608 $270 $407 

 

Customer incentive costs are the total amount of incentives paid to customers.  

Utility Program Costs include administration and marketing costs budgeted by CSI, and 
interconnection costs.  Costs not included in calculation:  above market costs of net metering, 
solar exemptions from non-bypassable charges; lost revenue that exceeds avoided costs. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Investor-Owned Utility Energy Efficiency Programs 

2. Agency:  CPUC 

Zenaida Tapawan-Conway 

3. Strategy Description 
Overview 
In keeping with the Energy Action Plan adopted by the CPUC, CEC, and CPA (California 
Consumer Power and Conservation Financing Authority) in September 2004, the CPUC 
adopted aggressive energy efficiency targets for the investor-owned utilities through 2013. The 
CPUC funds energy efficiency programs through a combination of the Public Goods Charge 
(mandated by law) and the resource procurement budgets of the utilities. There are three-year 
program cycles for this program. For the 2006-2008 program cycle, the total energy efficiency 
budget for all of the investor-owned utilities is approximately $2 billion, an increase of over 60% 
on an annualized basis relative to the 2004-2005 program cycle. Total annual net savings of 
7,371 gigawatt hours and 121,989 million therms are projected. These projections exceed the 
savings targets by 108% and 109% respectively. Program projections for the second and third 
program cycles have not yet been established though potential savings targets are available 
and provided in the tables included here.   

Affected Entities 
The programs developed for energy efficiency reach residential - single family, residential - 
multi-family, commercial, industrial, and agriculture customers of investor-owned distribution 
utilities. In addition, due to the design of the programs, many of which revolve around the offer 
of rebates and discounts, a number of retailers and manufacturers will be indirectly affected by 
this program. There is also a large group of third party service providers and implementers who 
are affected.  

Related Objectives 
• The strategy is motivated by multiple benefits.  For more than three decades, California has 

adopted energy conservation and efficiency policies and made investments that have saved 
more than 40,000 gigawatt hours of electricity and 12,000 megawatts of peak demand – 
avoiding the need to build approximately 24 large power plants and power more than 3.8 
million homes. This aggressive effort was undertaken for a number of reasons including:  

o Reducing energy supply costs and lowering bills for customers. 

o Strengthening California’s economy. 

o Maintaining reliable energy services and reducing price volatility. 

o Protecting the environment by reducing air pollution, greenhouse gases and 
other environmental impacts of electricity generation.  

o Conserving water by reducing end-use water consumption. 

o Serving as a model for other states.  
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The current energy efficiency program cycle (2006-2008) is expected to meet more than half of 
future electricity load growth and prevent the need to build three large power plants, achieve net 
savings of $2.7 billion for consumers, and decrease average customer bills by 2 percent.  

CPUC activity in this area is guided by the Energy Action Plan of 2003. CPUC action is also 
mandated by the Governor’s Green Building Executive Order, which charges the CPUC with 
advancing the GBI goals via its authority over the energy efficiency programs offered by the 
utilities. In addition, a large number of CPUC regulatory decisions guides programmatic work on 
energy efficiency by the electric and natural gas investor-owned utilities (IOUs). 

 

Strategy Metrics 
The IOU Energy Efficiency program measures success utilizing the following metrics: 

• Energy saved:  Each IOU reports on their projected, installed, and committed demand 
reduction (in peak kW), energy savings (net annual kWh) and natural gas savings (net 
annual therms.)  

• Funds Disbursed:  IOUs report the program expenditures and total commitment of funds. 

 
Strategy Goals and Implementation Approaches 
The IOUs’ 2006-2008 energy efficiency portfolio plans and funding levels place cost-effective 
energy efficiency at the forefront of utility resource acquisition, consistent with the goals of the 
Energy Action Plan and CPUC energy efficiency policies. IOUs’ portfolios are required to be 
cost-effective from two perspectives: (1) the total resource cost perspective (societal version), 
whereby the value of the energy savings is greater than the total cost of installed measures and 
all program costs and (2) the program administrator cost perspective, whereby the value of 
energy savings outweighs the cost of utility financial incentives to customers and all other 
program costs. 
 
The adopted portfolio plans for 2006-2008 reflect a mix of proven program designs and 
implementation strategies in combination with approaches to solicit new, innovative designs and 
savings technologies to enhance overall portfolio performance, both in the short- and long-run. 
Examples of new program strategies include on-bill financing, sustainable communities 
programs and integrated offerings to targeted markets, such as agricultural and food 
processing, which incorporate best practices, a variety of energy efficiency measures, financing, 
incentives, design assistance and equipment rebates. The plans also include continued and 
new partnerships with local governments to tap the energy savings potential in local 
communities. The program portfolios include over 200 separate energy efficiency strategies and 
approaches. 
 
Each of the utility portfolios support statewide program activities in the areas of emerging 
technologies, support for codes and standards and statewide marketing and outreach. The 
utilities will also be working with upstream market participants, e.g., manufacturers, retailers and 
distributors, in order to increase the acceptance and availability of energy efficient measures 
and equipment in all markets. In addition, the utilities continue to develop statewide consistency 
in rebate levels and participant rules. They will be coordinating these activities statewide 
through joint meetings with their advisory groups and the development of joint plans for program 
implementation. 
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• Incentive Programs:  There are a number of incentive programs available to all sectors of 
the market. These include direct rebates for specific technology purchases such as lighting, 
appliances, and home/building improvements, plus additional incentives. 

• Information Programs: A large part of this program is the “Flex Your Power” marketing and 
outreach campaign.  Flex Your Power is California's statewide energy efficiency marketing 
and outreach campaign. Initiated in 2001, Flex Your Power is a partnership of California's 
utilities, residents, businesses, institutions, government agencies and nonprofit 
organizations working to save energy. The campaign includes retail promotions, a 
comprehensive website, an electronic newsletter, educational materials and advertising. The 
campaign's primary funding comes from the Public Goods Charge as approved by the 
California Public Utilities Commission (CPUC), as well as contributing municipal utilities and 
Partner organizations and companies.  

4. Technology 
Much of the technology utilized to implement these energy efficiency programs are considered 
“off the shelf”, meaning they are readily available in the marketplace. In fact, much of the 
technology, such as compact fluorescent light bulbs, has been commercially available for quite 
some time. Much of the technology is also certified as Energy Star, a federal program that 
verifies the energy performance of appliances and building heating, cooling, and refrigeration 
systems.  

5. Statutory Status 
Public Goods Charge funding for energy efficiency programs is mandated by law in Public 
Utilities Code Section 381. The statute places a limit of approximately $250 million annually.  
Since 2003, the CPUC, through its proceedings, has supplemented funding for cost effective 
energy efficiency through the IOUs’ procurement funding mechanisms.  This additional 
allocation has effectively tripled the amount of funding spent on cost effective energy efficiency 
programs.  All additional actions taken by the IOUs to implement their energy efficiency 
strategies are implemented through the CPUC’s formal proceeding process. The 2006-2008 
plans have been approved via Decision 05-09-043 approved on September 22, 2005. The 
2009-2011 plans will be addressed in proceeding R.06-04-010.  

 

6. Implementation Steps and Timeline 
The major milestones of the Energy Efficiency Program include the proceedings for the 
remaining two program cycles: 2009-2011, and 2012-2014. Each of these proceedings will 
generally take approximately two years to complete. Planning for 2009-2011 is beginning now. 
The final decisions will outline the specific programs and budgets that each of the IOUs is to 
implement.  

7. Greenhouse Gas Emission Reductions 
Emissions reductions for the IOUs are calculated based on the total kWh and Therms of energy 
saved over the course of the program.  The table below shows an annual breakdown of 
anticipated savings. 
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8. Costs and Cost Savings 
The estimated costs include utility program costs, incentive costs (paid to customers) and 
capital costs incurred by customers.  The annual costs are shown in the table below.  The value 
of the energy saved is calculated using the prices for avoided electricity and natural gas over 
time.  The prices are applied consistently across all the strategies. 

9. Other Benefits 
The emissions reductions of criteria pollutants, including ROGs, NOx, and PM are estimated 
across all the strategies using a common set of emission factors applied to the avoided fossil 
generated electricity. 
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Detailed Strategy Goals Table 
Strategy:   Investor-Owned Utility Energy Efficiency Programs 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Primary Metric: 
Program Funds 

Disbursed 
(Million $) 

Primary Metric: 
First Year Electric Energy 

Saved by the Program 
(MWh) 

Primary Metric 
First Year Natural Gas 
Saved by the Program 

(Million Therms) 
2005 $561 2,361,999 17.1 
2006 $887 1,687,500 12.8 
2007 $1,100 2,573,100 21.0 
2008 $1,102 2,830,400 23.2 
2009 $1,228 2,402,441 24.4 
2010 $1,154 2,266,033 25.6 
2011 $1,177 2,279,884 26.9 
2012 $1,197 2,264,598 28.3 
2013 $1,259 2,461,720 30.8 
2014    
2015    
2016    
2017    
2018    
2019    
2020    

Funds disbursed include utility program costs and incentives paid to customers. 
Energy values shown are for first year savings in each program year.  Energy savings persist over 
time based on the lifetime of the energy efficiency measures.  The persistence of energy savings 
and the lifetime of the energy efficiency measures are considered explicitly in the analysis of 
emissions impacts over time. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Investor-Owned Utility Energy Efficiency Programs 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 

Annual Electric Energy 
Saved by the Program 

(MWh) 

Annual Natural Gas 
Saved by the Program  

(Million Therms) 
2005 2,354,690 17.0 
2006 3,949,105 29.2 
2007 6,300,865 48.5 
2008 8,814,017 69.3 
2009 10,838,053 90.7 
2010 12,558,984 111.7 
2011 14,341,349 134.0 
2012 16,082,427 157.1 
2013 17,929,406 181.6 
2014 17,180,023 174.0 
2015 16,184,156 164.6 
2016 14,953,446 154.0 
2017 13,775,091 143.7 
2018 12,465,009 131.8 
2019 11,305,792 120.7 
2020 9,874,985 106.5 

Values shown are annual savings reflecting the lifetime of the energy 
efficiency measures.   
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Detailed Cost Table 
Strategy:   Investor-Owned Utility Energy Efficiency Programs 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 
 

Year 
Utility Program Costs

(Million $) 

Incentives Paid to 
Customers  
(Million $) 

Capital Costs incurred 
by Customers 

(Million $) 
2005 $281 $280 $431 
2006 $345 $542 $844 
2007 $419 $681 $1,065 
2008 $423 $679 $1,055 
2009 $410 $819 $1,166 
2010 $391 $763 $1,083 
2011 $404 $772 $1,106 
2012 $411 $786 $1,124 
2013 $436 $823 $1,192 
2014    
2015    
2016    
2017    
2018    
2019    
2020    
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Investor-Owned Utility Additional Energy Efficiency Programs for 
years 2013-2020 

2. Agency:  CPUC 

Zenaida Tapawan-Conway 

3. Strategy Description 
Overview 
For more than three decades, California has adopted energy conservation and efficiency 
policies and made investments that have saved more than 40,000 gigawatt hours of electricity 
and 12,000 megawatts of peak demand – avoiding the need to build 24 large power plants and 
power more than 3.8 million homes. The per capita energy usage is significantly below the 
national average. It is anticipated that CPUC and the IOUs will continue their aggressive energy 
efficiency efforts in the future. Currently, specific goals have been set through 2013. Goals for 
2013 through 2020 have not yet been set. This strategy specifically refers to energy efficiency 
programs implemented between 2013-2020.  As the CPUC has not yet adopted these programs 
or program goals, this document provides our best available estimates. 

Given the existing concerns over reliability, cost of electricity, and system expansion, it is 
reasonable to assume that the goals for the current cycle will be repeated in the future planning.  

Affected Entities 
The programs developed for energy efficiency reach residential - single family, multi-family - 
commercial, industrial, and agriculture customers of investor-owned distribution utilities. In 
addition, due to the design of the programs, many of which revolve around the offer of rebates 
and discounts, a number of retailers and manufacturers will be indirectly affected by this 
program. There is also a large group of third party service providers and implementers who are 
affected.  

Related Objectives 
• The strategy is motivated by multiple benefits.  For more than three decades, California has 

adopted energy conservation and efficiency policies and made investments that have saved 
more than 40,000 gigawatt hours of electricity and 12,000 megawatts of peak demand – 
avoiding the need to build approximately 24 large power plants and power more than 3.8 
million homes. This aggressive effort was undertaken for a number of reasons including:  

o Reducing energy supply costs and lowering bills for customers. 

o Strengthening California’s economy. 

o Maintaining reliable energy services and reducing price volatility. 

o Protecting the environment by reducing air pollution, greenhouse gases and 
other environmental impacts of electricity generation.  

o Conserving water by reducing end-use water consumption 

o Serving as a model for other states.  
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The current energy efficiency program cycle (2006-2008) is expected to meet more than half of 
future electricity load growth and prevent the need to build three large power plants, achieve net 
savings of $2.7 billion for consumers, and decrease average customer bills by 2 percent. 
Additional goals for the 2013 through 2020 period are expected to be on par with current goals.  

CPUC activity in this area is guided by the Energy Action Plan of 2003. CPUC action is also 
mandated by the Governor’s Green Building Executive Order, which charges the CPUC with 
advancing the GBI goals via its authority over the energy efficiency programs offered by the 
utilities. In addition, a large number of CPUC regulatory decisions guides programmatic work on 
energy efficiency by the electric and natural gas investor-owned utilities (IOUs). 

 

Strategy Metrics 
The IOU Energy Efficiency program measures success utilizing the following metrics: 

• Energy saved:  Each IOU reports on their projected, installed, and committed demand 
reduction (in peak kW), energy savings (net annual kWh) and natural gas savings (net 
annual therms.)  

• Funds Disbursed:  IOUs report the program expenditures and total commitment of funds.  

Strategy Goals and Implementation Approaches 
The future goals for energy efficiency are likely to adopt similar tenants as the current program 
goals. For instance, the CPUC has charged IOUs to implement all cost-effective energy 
efficiency, as well as to be innovative in their ideas for new programs to reach new markets or 
increase penetration to existing markets.  
 
• Incentive Programs:  There are a number of incentive programs available to all sectors of 

the market. These include direct rebates for specific technology purchases such as lighting, 
appliances, and home/building improvements, plus additional incentives. 

• Information Programs: A large part of this program is the “Flex Your Power” marketing and 
outreach campaign.  Flex Your Power is California's statewide energy efficiency marketing 
and outreach campaign. Initiated in 2001, Flex Your Power is a partnership of California's 
utilities, residents, businesses, institutions, government agencies and nonprofit 
organizations working to save energy. The campaign includes retail promotions, a 
comprehensive website, an electronic newsletter, educational materials and advertising. The 
campaign's primary funding comes from the Public Goods Charge as approved by the 
California Public Utilities Commission (CPUC), as well as contributing Munis and Partner 
organizations and companies. It is anticipated that this program or something similar would 
continue to be part of future energy efficiency programs and initiatives.  

4. Technology 
Much of the technology utilized to implement these energy efficiency programs are considered 
“off the shelf”, meaning they are readily available in the marketplace. In fact, much of the 
technology, such as compact fluorescent light bulbs, has been commercially available for quite 
some time and improvements to many of the technologies have continued to be made since 
introduction to the marketplace. Much of the technology is also certified as Energy Star, a 
federal program that verifies the energy performance of appliances and building heating, 
cooling, and refrigeration systems.  
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5. Statutory Status 
The energy efficiency and conservation public goods charge is codified in Public Utilities Code 
381.  The statute places a limit of approximately $250 million annually.  Since 2003, the CPUC, 
through its proceedings, has supplemented funding for cost effective energy efficiency through 
the IOUs’ procurement funding mechanisms.  This additional allocation has effectively tripled 
the amount of funding spent on cost effective energy efficiency programs. All actions taken by 
the IOUs to implement their energy efficiency strategies are implemented through the CPUC’s 
formal proceeding process. An existing CPUC proceeding (R.06-04-010) will be the venue for 
updating the goals on a rolling ten-year basis. Therefore, the next goal update process will set 
goals at least through 2016. 

6. Implementation Steps and Timeline 
As with the current energy efficiency program, the major milestones will no doubt be broken into 
multi-year program cycles. Once opened, these proceedings generally take approximately two 
years to complete. The final decisions will outline the specific programs and budgets that each 
of the IOUs is to implement.  

7. Greenhouse Gas Emission Reductions 
Emissions reductions for the IOUs are calculated based on the total kWh and Therms of energy 
saved over the course of the program.  The table below shows an annual breakdown of 
anticipated savings. 

8. Costs and Cost Savings 
The estimated costs include utility program costs, incentive costs (paid to customers) and 
capital costs incurred by customers.  The annual costs are shown in the table below.  The value 
of the energy saved is calculated using the prices for avoided electricity and natural gas over 
time.  The prices are applied consistently across all the strategies. 

9. Other Benefits 
The emissions reductions of criteria pollutants, including ROGs, NOx, and PM are estimated 
across all the strategies using a common set of emission factors applied to the avoided fossil 
generated electricity. 
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Detailed Strategy Goals Table 
Strategy:   Investor-Owned Utility Additional Energy Efficiency Programs 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 

Year 

Primary Metric: 
Program Funds 

Disbursed 
(Million $) 

Primary Metric: 
First Year Electric Energy 

Saved by the Program 
(MWh) 

Primary Metric 
First Year Natural Gas 
Saved by the Program 

(Million Therms) 
2005    
2006    
2007    
2008    
2009    
2010    
2011    
2012    
2013    
2014 $1,263 2,442,391 30.8 
2015 $1,252 2,432,097 30.8 
2016 $1,243 2,417,700 30.8 
2017 $1,233 2,398,840 30.8 
2018 $1,225 2,391,425 30.8 
2019 $1,216 2,388,857 30.8 
2020 $1,209 2,397,521 30.8 

Funds disbursed include utility program costs and incentives paid to customers. 
Energy values shown are for first year savings in each program year.  Energy savings persist over 
time based on the lifetime of the energy efficiency measures.  The persistence of energy savings 
and the lifetime of the energy efficiency measures are considered explicitly in the analysis of 
emissions impacts over time. 
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Detailed Greenhouse Gas Emissions Impacts Table 
Strategy:   Investor-Owned Utility Additional Energy Efficiency Programs 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 

 

Year 

Annual Electric Energy 
Saved by the Program 

(MWh) 

Annual Natural Gas 
Saved by the Program  

(Million Therms) 
2005   
2006   
2007   
2008   
2009   
2010   
2011   
2012   
2013   
2014 2,434,834 30.7 
2015 4,768,551 60.3 
2016 6,932,568 87.9 
2017 8,970,219 114.1 
2018 10,975,178 140.0 
2019 12,840,467 164.1 
2020 14,714,654 188.2 

Values shown are annual savings reflecting the lifetime of the energy 
efficiency measures.   
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Detailed Cost Table 
Strategy:   Investor-Owned Utility Additional Energy Efficiency Programs 
Agency:   CPUC 
Affected Entities:  [See Affected Entities in Section 3.] 

 

Year 
Utility Program Costs

(Million $) 

Incentives Paid to 
Customers  
(Million $) 

Capital Costs incurred 
by Customers 

(Million $) 
2005    
2006    
2007    
2008    
2009    
2010    
2011    
2012    
2013    
2014 $447 $816 $1,180 
2015 $447 $805 $1,169 
2016 $447 $796 $1,159 
2017 $447 $787 $1,149 
2018 $446 $779 $1,140 
2019 $446 $770 $1,130 
2020 $446 $763 $1,123 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  IOU Self-Generation Incentive Program 

2. Agency: CPUC 
Molly Sterkel, Energy Division 

3. Strategy Description 
Overview 
 
The CPUC's Self-Generation Incentive Program (SGIP) is a statewide program that 
provides financial incentives to customers for the installation of certain renewable and 
clean generation technologies that provide electricity for all or a portion of the customer’s 
electric load. The program began in 2001 and was originally authorized through 2004, 
but was then extended through 2007. In the last legislative session, the program was 
modified and extended through 2012.  

Technologies eligible for rebates in 2007 include, but are not limited to, fuel cells (both 
renewable and non-renewable), small wind turbines, and a number of different combined 
heat and power applications that meet certain environmental criteria set by the Air 
Resources Board.   

The SGIP Program incentive budget is $125 million per year for program years 2001-
2007, 90% of which is dedicated to rebates and 10% of which is spent on administration 
and measurement and evaluation.  Between 2001 and 2005, 75% of SGIP rebates were 
paid for renewables, mostly solar. Since July 2001, there were 73 MW of solar 
photovoltaics installed with rebates totaling $273 million; 155 MW of combined heat and 
power installations received $80 million in rebates.  
 
Recent legislation, AB 2778 (2006), extended the program through 2012 at the current 
spending levels. However, with the advent of the California Solar Initiative (CSI) and 
modifications from SB1 (Murray) from 2006, the SGIP no longer covers solar 
technologies as of January 1, 2007. In addition, the bill limits eligibility for nonsolar 
technologies, beginning on January 1, 2008, to fuel cells and wind distributed generation 
technologies that meet or exceed the emissions standards required under the distributed 
generation certification program adopted by the State Air Resources Board. The bill 
would require the Energy Commission, on or before November 1, 2008, in consultation 
with the commission and the board, to evaluate the costs and benefits of providing 
ratepayer subsidies for renewable and fossil fuel "ultraclean and low-emission distributed 
generation," as defined, as part of the Energy Commission's integrated energy policy 
report.  
 
The significant changes to the SGIP Program eligible technologies and funding levels 
have made it difficult to estimate the costs and energy savings associated with this 
program.  Furthermore, pending legislation in 2007 may mandate further modifications to 
the program causing further uncertainty about the program and its design. 
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Affected Entities 
The SGIP provides direct incentives to electricity customers who can install renewable or 
clean distributed energy generation installations. The manufacturing community that 
produces the kinds of generation provided for in this incentive program will indirectly 
benefit from the incentives as product sales are anticipated to increase.  Similarly, the 
financial industry will likely experience an increase in loan activity to cover the portion of 
the systems not paid for by the incentives.  
 

Related Objectives 

The strategy is motivated by multiple benefits.  This strategy is primarily 
motivated by the desire to promote the development of new, environmentally superior 
electricity generation at customer locations in California. In addition, the program was 
designed to provide additional capacity to the California grid to supplement large-scale 
generation. As a result of population and economic growth, coupled with a lagging 
energy infrastructure development, the California legislature determined in 2000 that 
“California faces potentially serious electricity shortages over the next two years, which 
necessitates immediate action by the state.” The immediate action was the California 
Energy Security and Reliability Act of 2000 (AB970). The act called for demand 
reduction strategies as well as stimulating significant new investments in “new, 
environmentally superior electricity generation”. A part of that strategy included providing 
incentives for on-site or self generation projects including “clean and super-clean 
distributed generation.”  

 

Strategy Metrics 
The CSI measures success utilizing the following metrics: 

• MWs of clean energy installed: between 2001 and 2005, approximately 73 MW of 
solar photovoltaics were installed, and 155 MW of combined heat and power 
installations. 

• Funds Disbursed:  The current program has a budget of $125 million per year.   

• A range of other measurement and evaluation criteria. 

 

Strategy Goals and Implementation Approaches 
Incentive Program:  SGIP provides rebates to cover up to 1 MW for systems sized up to 
5 MW. Generation technologies involved in the SGIP include photovoltaic (solar) 
systems, microturbines, fuel cells, and wind turbines.  Incentives vary by technology and 
fuel type.  

The current SGIP incentive program is designed to provide different incentive levels to 
different technology types. For example:  

 Renewable Fuel Cells: $4.50/W, minimum size is 30kW, maximum system size is 
5 MW and maximum incentive size is 1 MW 
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 Photovoltaics: $3.50/W (reduced to $3.00/W in 2006, and eliminated from the 
program in 2007), minimum size is 30kW, maximum system size is 5 MW and 
maximum incentive size is 1 MW 

 Wind Turbines: $3.50/W (reduced to $3.00/W in 2006), minimum size is 30kW, 
maximum system size is 5 MW and maximum incentive size is 1 MW 

The SGIP pays $0.80 per watt up to 1 MW to eligible combined heat and power projects 
up to a capacity size of 5 MW. The CPUC is currently evaluating the cost-effectiveness 
and emission-reducing characteristics of combined heat and power projects in order to 
consider additional deployment strategies. In addition, beginning in 2008, if there is no 
legislative change, these types of projects utilizing natural gas fuels will be eliminated 
from the program. 

4. Technology 
There are a number of technologies that have been approved for SGIP incentives. They 
include:  

 Photovoltaics (as of 2007, no longer eligible because PV’s are covered 
under the California Solar Initiative) 

 Wind turbines 

 Renewable fuel cells 

 Non-renewable fuel cells 

Technologies operating in combined heat and power mode: 

 Renewable fuel micro turbines 

 Non renewable and waste gas fuel microturbines 

 Renewable fuel large gas turbines 

 Non-Renewable and waste gas fuel large gas turbines 

 Renewable fuel internal combustion engines  

 Non renewable and waste gas fuel internal combustion engines  

5. Statutory Status 
Through AB 2778 (2006), this program has been approved to continue through 2012 at 
current funding levels, but eliminates eligibility of projects utilizing natural gas in 
combined heat and power mode.   

6. Implementation Steps and Timeline 
During 2007, the CPUC will be working to modify the program requirements to conform 
with AB 2778. The CPUC is also evaluating the cost-effectiveness methodology 
associated with the program. The CPUC is also continuing to evaluate the impacts of the 
program on an annual basis. 

7. Greenhouse Gas Emission Reductions 
The following are the inputs to the emission reductions calculations that for the Investor 
Owned Utilities’ (IOUs) SGIP Program: 
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• Emission reductions will be based on the MW of installed renewable projects through 
the SGIP program (2001-2014) and expected MWh produced by the installed 
renewably-fueled systems.  

The data required to estimate emission reductions are not yet available. 

8. Costs and Cost Savings 
The following are the costs associated with the SGIP:  

These costs are estimates based on the best available information by the utilities:  

 Total incentives costs that will be available to program participants from 2005-
2012: $900 million (90% of $125 million per year) 

 Total potential administrative costs by 2016: $100 million (10% of $125 million 
per year) 

 Additional costs may be borne by both the utilities and the participants that are 
not accounted for in this report such as the cost to install the system that is borne 
by the system owner, the cost of installing and monitoring the meter, or the 
interconnection costs borne by the utilities.  No costs estimates are available for 
these activities. 

Note:  Due to recent statutory changes to the program, costs and emission savings 
impact estimates are not available.  

9. Other Benefits 
To ensure that the emissions reductions of criteria pollutants, including VOCs, NOx, 
SOx, and PM are estimated consistently across the strategies, a common set of 
emission factors will be used by the ARB to estimate changes in these emissions from 
changes in electricity, natural gas, and liquid fuel consumption.  Once available, the 
energy generation impacts will be used to make these estimates. 
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Climate Action Team 
Climate Strategy Update Documentation 

1. Strategy:  Investor-Owned Utility Electricity Sector Carbon Policy 

2. Agency:  CPUC 

Julie Fitch, Division of Strategic Planning 

3. Strategy Description 
Overview 
The CPUC is conducting an ongoing proceeding on greenhouse gas emissions policy in 
rulemaking R.06-04-009 which was initiated in April 2006. This program was divided into two 
phases. In the first phase, the PUC focused on developing an Emissions Performance Standard 
(EPS), a facility-based emissions standard that requires all new facilities and long-term 
commitments to be as clean as natural gas. This phase is now in compliance with SB1368, 
which was signed in September 2006. A final decision on this phase was adopted at the 
January 25, 2006 Commission meeting. The EPS is designed to prevent backsliding from 
current levels while the cap system is designed and implemented. Phase 2 of the proceeding, 
which the PUC has begun, will undertake the process of developing the program details for a 
load-based cap on greenhouse gas emissions for the investor-owned utilities under the PUC’s 
jurisdiction. In February 2006, the PUC adopted decision D.06-02-032, which stated the 
Commission’s intent to develop a load-based cap and established some of the parameters 
within which the proceeding will operate its inquiry and rulemaking. Since the signing of AB32, 
Phase 2 is now the venue for the PUC to consider implementation of that statute, in 
coordination with the work already underway on development of the load-based emissions cap. 

Since the PUC’s work on a carbon policy for the electricity sector is divided into these two 
distinct efforts, this summary will include separate information about both the Emissions 
Performance Standard implementation in compliance with SB1368 and the load-based GHG 
emissions cap being developed as part of AB 32 implementation. 

 

Affected Entities 
Emissions Performance Standard 
The PUC has overall jurisdiction over California investor-owned utilities. SB1368 granted 
specific authority to the PUC over electric service providers (ESP) and community choice 
aggregators (CCAs) for purposes of implementation of the EPS. In addition, SB 1368 grants 
specific authority to the California Energy Commission (CEC) to implement an EPS for publicly-
owned utilities (POUs), including municipal utilities and irrigation districts. The PUC is required 
to implement its EPS first, with the CEC to follow closely with EPS implementation for POUs. 
Thus, it is nearly inevitable that the POUs may be affected, though perhaps only indirectly, by 
the establishment of the EPS by the PUC over IOUs, ESPs and CCAs, since the PUC is 
required to adopt its regulations first. In addition to these entities directly affected by the EPS, all 
generators that supply power to serve California load, both located within California and outside 
of the state, will be indirectly affected by the EPS, since the EPS sets a standard for the amount 
of GHG emissions by individual power plant. 
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Load-Based Emissions Cap 
In order to maximize the integration of our policy levers, the PUC felt the most effective 
approach to setting a greenhouse gas cap is a load-based approach which captures imported 
power. This policy intent was established in D.06-02-032. This means that all LSEs and 
generators that sell power to California IOUs will be indirectly affected. This approach is 
supported by the language and definitions established in AB32. The IOUs are the only entities 
likely to be directly affected by the PUC’s load-based cap implementation, since their electricity 
procurement practices are already governed by PUC authority and policy. However, in D.06-02-
032, the PUC stated its intent to apply its GHG policies uniformly across any entity serving 
customers within the territories of the state’s IOUs, including ESPs and CCAs. As with SB1368 
implementation, the PUC recognizes it does not have authority over the POUs, but has 
volunteered, in the context of AB32 implementation, to be the forum in which one set of rules is 
discussed and recommended to the California Air Resources Board (ARB), to apply to all 
entities that serve electric and natural gas consumers in the state. ARB then has the authority, 
under AB32, to implement or modify the PUC’s recommendations for the electric and natural 
gas sectors, in order to implement a consistent statewide policy for those sectors.  In response 
to the Governor’s Market Advisory Committee recommendations, the PUC has also requested 
comments on a “first seller” approach to the cap and is holding a workshop on this topic in 
August 2007. 

 

Related Objectives 
• The strategy is motivated primarily by its greenhouse gas emissions reductions.  The 

primary objective for this program is the reduction of greenhouse gas emissions related to 
the California electricity load. A secondary objective is to integrate the carbon policy with 
California’s other policy goals for reliability, cost effectiveness, and overall environmental 
stewardship.  

 

CPUC was explicitly given statutory authority to develop and implement electric sector carbon 
reduction policies in AB32 and SB1368.  Prior to legislation, the Governor requested CPUC 
action in Executive Orders issued in June 2005 and October 2006.  
 

Strategy Metrics 
The EPS is in its early implementation phase and the cap program is still in its development 
phase, so specific metrics have not yet been developed. However, we anticipate that the 
following metrics would be the primary measurements:  

• Phase I, Emissions Performance Standard: IOUs, CCAs, and ESPs prohibited from entering 
new long-term commitments that have a higher emissions level than a combined cycle gas 
turbine (CCGT). 

• Phase 2, Load-Based Emissions Cap: implementation of measurable emission reductions 
by the electric and natural gas (end-use) sectors down to 1990 levels by 2020.  

Strategy Goals and Implementation Approaches 
The strategy goals of reducing carbon emissions to 1990 levels by 2020 will need to be 
approached through a number of policy initiatives, which are currently under development.  
 
• Mandatory Performance:  The Emissions Performance Standard (SB1368) mandates that all 

new long-term commitments have an emissions profile no higher than that of a combined 
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cycle gas turbine. This is designed as an interim program that will be reevaluated when a 
load-based cap system is functioning.  

4. Technology 
Each LSE will approach its emissions profile differently, incorporating existing clean power 
options such as renewable energy (wind, solar, biomass, etc.), utilizing energy efficiency to 
reduce overall load and emissions, and developing technology such as carbon sequestration, 
which takes the carbon emissions from a generation facility and injects them into the ground. 
We expect that technologies involved in reduction of electricity sector carbon emissions will run 
the gamut from small to large and on both the demand- and supply-side. For example, efficient 
and/or super-clean distributed generation units, clean or advanced coal technologies, efficiency 
refrigeration, lighting, etc., in addition to the large-scale renewable technologies mentioned 
above. 

5. Statutory Status 
With the passage of AB32 and SB1368, CPUC has been given clear statutory status to 
implement the carbon policy on the electricity sector.  

6. Implementation Steps and Timeline 
The Emissions Performance Standard is required through SB1368 to be in place by February 1, 
2007. The PUC’s adopted its decision on this matter at the January 25, 2006 PUC public 
meeting. AB32 also sets critical deadlines for the implementation of a cap by January, 2012. 
CPUC has begun Phase 2 of proceeding R.06-04-009 and anticipates making significant 
headway in terms of establishing a baseline, compliance mechanisms, and reporting 
requirements over the next two years, with adoption of final policies for the electric sector by the 
4th quarter of 2008.  

7. Greenhouse Gas Emission Reductions 
Emissions Performance Standard 

• In order to ascertain the GHG emissions reductions that could be expected from the 
implementation of this program, the CPUC inquired of the IOUs how many of the contracts 
they had signed in the past 3 years that would not have passed the EPS. The answer from 
all three utilities was none, as their long-term baseload commitments are with the cleanest 
available resources as directed by the CPUC through prior policies that are complimentary 
to the EPS. Therefore, while this strategy is designed specifically to address GHG, its 
purpose is not “reducing” emissions, but rather preventing new emissions from entering the 
overall baseline.  

Load-Based Emissions Cap 

• This program will reduce emissions significantly after it is in place. The exact amount, 
however, is not yet known, and depends upon issues of baseline development, cap design, 
and assignment of sectoral responsibility in order to determine the exact contribution. 

8. Costs and Cost Savings: 
• EPS: for the EPS, there are no near-term costs anticipated by the IOUs.  
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• Load-Based Emissions Cap: there is no way to estimate the costs of this program at this 
time, since it has not yet been developed.  The CPUC is coordinating with the ARB to 
ensure that the electric sector effort is consistent with the overall statewide effort. 

9. Other Benefits 
The emissions reductions of criteria pollutants, including ROGs, NOx, and PM are estimated 
across all the strategies using a common set of emission factors applied to the avoided fossil 
generated electricity.  These estimates will be performed once the energy impacts of the 
strategy are estimated. 
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